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Abstract. - Recent phylogenetic studies based on comparisons of DNA sequences have shown that Lophii¬ 
formes (anglerfishes) and Tetraodontiformes (puffers, triggerfishes and sunfishes) were closely related, whereas 
no morpho-anatomical work has assessed this point. Dissections of 80 fresh specimens belonging to 49 spe¬ 
cies of 29 acanthomorph families, coupled with analyses of the literature indicate the existence of shared soft 
anatomy characters between Lophiiformes and Tetraodontiformes. Among acanthomorphs, anglerfishes, puffers, 
ocean sunfish and triggerfishes are peculiar in possessing: i) a reduced gill opening; ii) rounded and anteriorly 
disposed kidneys; iii) a compact thyroid included in a blood sinus; iv) an abbreviated spinal cord; v) an asym¬ 
metric liver; and vi) clusters of supramedullary neurons in the rostral part of the spinal cord. The sharing of these 
unusual characteristics by these two groups might be synapomorphies supporting a close relationship between 
Lophiiformes and Tetraodontiformes. The present study shows both the importance of comparative anatomy and 
the utility of confronting morpho-anatomical and molecular results. 


Resume. - Des donnees d’anatomie molle corroborent l’etroite parente entre Tetraodontiformes et Lophiifor¬ 
mes. 
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Des analyses phylogenetiques recentes fondees sur la comparaison de sequences nucleotidiques ont montre 
que les Lophiiformes (baudroies) et les Tetraodontiformes (poissons-coffres, balistes et poissons-lunes) etaient 
etroitement apparentes, tandis qu’aucune donnee morpho-anatomique ne l’attestait. La dissection de 80 spe¬ 
cimens frais appartenant a 49 especes de 29 families d’acanthomorphes, associee a l’analyse de la litterature 
montre la presence de caracteres partages touchant l’anatomie des organes rnous entre les Lophiiformes et les 
Tetraodontiformes. Au sein des acanthomorphes, les baudroies, poissons-coffres, balistes et poissons-lunes sont 
particuliers en possedant: i) une ouverture branchiale reduite ; ii) des reins arrondis et situes anterieurement dans 
la cavite abdominale ; iii) une thyroide compacte incluse dans un sinus veineux ; iv) une moelle epiniere courte ; 
v) un foie asymetrique ; et vi) des groupes de neurones supramedullaires dans la region rostrale de la moelle epi¬ 
niere. Le partage de ces caracteres singuliers par ces groupes constitue un indice de synapomorphies probables, 
soutenant l’etroite parente entre Lophiiformes et Tetraodontiformes. La presente etude montre a la fois l’impor- 
tance de l’anatomie comparee et l’interet d’associer et confronter les resultats des travaux morpho-anatomiques 
et moleculaires. 


Until recently, Tetraodontiformes and Lophiiformes were 
regarded as distinct and not closely related orders of acantho¬ 
morph fishes (Lecointre, 1994; Nelson, 2006). The Lophii¬ 
formes (anglerfishes such as goosefishes, frogfishes and sea 
toads) comprise 313 species in 66 genera, in which the first 
dorsal fin spines are modified as a luring apparatus, while 
the 101 genera and 357 species that comprise the Tetraodon¬ 
tiformes are as diverse as triggerfishes, boxfishes, puffers 
and ocean sunhshes (Nelson, 2006). Recently, some tetrao- 
dontiform species have become the subject of many biologi¬ 
cal studies both for their toxicity and their compact genome 
(Aparicio et al., 2002; Jaillon et al., 2004). On the basis of 
their respective peculiar anatomy, lophiiform and tetraodon- 


tiform species were viewed as distinctive orders that were 
only distantly related to one another within the acantho¬ 
morph teleosteans (Lecointre, 1994; Nelson, 2006). Lophii¬ 
formes and Tetraodontiformes were sometimes listed in close 
proximity (just before or after) to one another in taxonomic 
arrangements (Gill, 1893; Jordan and Evermann, 1900; 
Boulenger, 1904; Jordan, 1920,1923; Berg, 1940), but such 
placements were only poorly, if at all, supported by charac¬ 
ters and did not correspond to a documented hypothesis of 
relationships. Nevertheless, the anatomy of these fishes has 
been rarely compared. Rosen (1973) recognised two clades 
within the acanthomorphs: the Acanthopterygii, including 
the Tetraodontiformes, and the Paracanthopterygii, contain- 
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ing the Lophiiformes with the Gadiformes, Batrachoidi- 
formes, Percopsiformes, and Ophidiformes. Even if the sta¬ 
tus of these two clades has been questioned and reconsid¬ 
ered by several authors (Stiassny, 1986; Stiassny and Moore, 
1992; Johnson and Patterson, 1993), Tetraodontiformes and 
Lophiiformes were still viewed as two distinctive and only 
distantly related orders (Lauder and Liem, 1983; Johnson 
and Patterson, 1993; Nelson, 2006), defined on osteological 
autapomorphies (Tyler, 1980; Pietsch, 1981,1984,2009; Pie- 
tsch and Grobecker, 1987). The absence of some bones, like 
ribs or nasals (Pietsch, 1981) could be viewed as synapomor- 
phies of Tetraodontiformes and Lophiiformes, but the occur¬ 
rences these absences have to be accurately examined. Miya 
et al. (2003) analysed the complete sequence of mitochon¬ 
drial DNA for 100 higher teleostean species. Their results 
showed that Tetraodontiformes and Lophiiformes are two 
monophyletic and closely related groups: anglerfishes appear 
as a sister group of a clade comprising two tetraodontiform 
species and one caproid, Antigonia capros Lowe, 1843. The 
same relationships for these groups are present in Miya et al. 
(2005), in which the complete sequences of mitochondrial 
DNA were studied for 102 higher teleostean species. Det¬ 
tai' and Lecointre (2004) did not find this same close rela¬ 
tionship between Lophiiformes and Tetraodontidae in their 
search of notothenioid relatives on the basis of 3525 nuclear 
and mitochondrial characters. Dettai and Lecointre (2005) 
analysed the sequences (678 + 527 base pairs) of exons of 
the MLL (Mixed Lineage Leukaemia-like) gene sequences 
for ribosomal 28S, rhodopsin gene, mitochondrial 12S and 
16S in 63 acanthomorph species. In this work, Lophiiformes 
and Tetraodontiformes were nested in the same clade, called 
N by these authors, along with Caproidae, Elassomatidae, 
Acanthuridae, Siganidae, Pomacanthidae, Drepanidae and 
Chaetodontidae. While studying the sequences of the gene 
for the interphotoreceptor retinoid-binding protein (IRBP) in 
92 acanthomorph species, Dettai and Lecointre (2008) found 
again this clade. Yamanoue et al. (2007) studied 44 whole 
mitochondrial genomes of acanthomorph species to try to 
identify the phylogenetic position of tetraodontiform fishes. 
This group appeared as monophyletic and placed as a sister- 
group of either Lophiiformes plus Caproidae or Caproidae 
alone. Li (2008) analysed the sequences for four nuclear 
genes (Rhodopsine, MLL4, IRBP and RNF213) in 200 acan¬ 
thomorph species; Clade N was redefined and restricted, 
and Lophiiformes and Tetraodontiformes appeared (Fig. 1) 
in an unresolved clade with Scatophagidae, Cepolidae and 
Priacanthidae. The sister group of this clade was a caproid, 
Antigonia, and this assemblage was closely related to a 
clade comprising Capros, Sparidae, and Callanthiidae (Li et 
al., 2008). Smith and Wheeler (2006) and Smith and Craig 
(2007) examined the problem of the phylogenetic position of 
these groups. Unfortunately, one of these studies (Smith and 
Craig, 2007) did not include both Lophiiformes and Tetrao- 
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Figure 1. - Phylogenetic position of Tetraodontiformes and Lophii¬ 
formes (modified from Li (2008); note that in Dettai and Lecointre 
(2008) tetraodontiforms and lophiiforms are sister-groups). Draw¬ 
ings from F. Dejouannet. 1: Angler ( Lophiuspiscatorius , Lophii¬ 
formes, Lophiidae); 2: Puffer ( Tetraodon sp., Tetraodontiformes, 
Tetraodontidae); 3: Ocean Sunfish ( Mola mola, Tetraodontiformes, 
Molidae); 4: Boarfish ( Capros aper, Caproidae); 5: Porgy ( Sparus 
sp., Sparidae); 6: Perch ( Perea sp., Percidae). 


dontiformes and thus did not challenge or corroborate a close 
relationship between them. In the other study of Smith and 
Wheeler (2006), the Lophiiformes and Tetraodontiformes 
did not appear closely related on the basis of the analysis of 
five gene regions (nuclear and mitochondrial). But this result 
is quite unique, while 15 different studies (Miya et al., 2003, 
2005; Dettai and Lecointre, 2004, 2005,2008; Yamanoue et 
al., 2007; Mabuchi et al., 2007; Holcroft and Wiley, 2008; 
Li, 2008; Santini et al., 2009; Yagishita et al., 2009; Mat- 
schiner et al., 2011; Meynard et al., 2012; Near et al., 2012; 
Wainwright et al., 2012) conducted by different teams on 
various genes (17 nuclear genes and 36 mitochondrial genes) 
corroborate a close relationship between Lophiiformes and 
Tetraodontiformes. 

Many studies of the skeletal anatomy of these two 
orders have not yet revealed any shared derived characters 
that would unite them (Tyler, 1968; Tyler, 1980; Pietsch, 
1981,2009; Matsuura and Yoneda, 1987; Pietsch and Orr, 
2007; among many others). The species of each of these 
groups are considered as highly derived among euteleostean 
fishes, with many specializations, skeleton modifications 
and autapomorphies, which present difficulties in making 
osteological comparisons between them. Recently, Nakae 
and Sasaki (2010) noted similitude in the organization of 
the lateral line system and its innervation of one lophiiform 
species [Lophiomus setigerus (Vahl, 1797), Lophiidae] and 
9 tetraodontiform species. Even if only few species were 
examined, these authors proposed that it may result from 
common ancestry. In the light of all these works, we decided 
to examine the soft anatomy of these animals thanks to clas¬ 
sical dissections, literature examination and modern imaging 
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techniques (Chanet et al., 2012). The purpose of this work 
is to present these data based on the study of soft anatomy, 
which may corroborate the close relationships between these 
two orders. 


MATERIAL AND METHODS 

Scientific names are given as in Eschmeyer and Fricke 
(2010) and the invalid names present in the literature were 
modified in the text and in the table. As the details of the 
soft anatomy could not be investigated on alcohol preserved 
specimens, the present study was conducted on the basis of 
literature and dissections of fresh specimens. The visceral 
anatomy has been investigated in dissecting 80 fresh speci¬ 
mens of 49 acanthomorph species. Most of them died natu¬ 
rally in aquariums; others were fished in the eastern Atlan¬ 
tic Ocean and purchased dead at fishmongers and at the fish 
market auction of Concarneau (France). This work was com¬ 
pleted by a review of the literature (Annex I) and by exami¬ 
nation of RMI images present at the Digital Fish Library 
(DFL), http: //www.digitalfishlibrary.org. 

These examined specimens are: 

Acanthomorphs, Blenniidae: Parablennius gattorugine 
(Linnaeus, 1758) (1) (SL: 11.8 cm), fished in the English 
Channel; Gadidae: Gaidropsarus mediterraneus (Linnae¬ 
us, 1758) (1) (SL: 9.5 cm), fished in the English Channel, 
Pollachius pollachius (Linnaeus, 1758) (1), isolated head 
(H: 19 cm), purchased at fishmonger, fished in the Atlan¬ 
tic Ocean, Trisopterus luscus (Linnaeus, 1758) (1) (SL: 

23.2 cm), purchased at fishmonger, fished in the Atlan¬ 
tic Ocean; Zeidae: Zeus faber Linnaeus, 1758 (1) (SL: 

30.5 cm), purchased at fishmonger, fished in the Atlantic 
Ocean; Moronidae: Dicentrarchus labrax (Linnaeus, 1758) 
(4) (SL: 33 cm); Mullidae: Mullus surmuletus Linnaeus, 
1758 (1) (SL: 20.3 cm), purchased at fishmonger, fished 
in the Atlantic Ocean; Trichiuridae: Lepidopus caudatus 
(Euphrasen, 1788) (6) (SL: 70.5 cm, 73 cm, 73.5 cm, 79 cm, 
91 cm, 104 cm); Scombridae: Scomber scombrus Linnaeus, 
1758 (4) (mean SL: 30 cm); Belonidae: Belone belone (Lin¬ 
naeus, 1761) (1) (76 cm), fished in the Atlantic Ocean; Cal- 
lionymidae: Callionymus lyra Linnaeus, 1758 (2) (11.7 cm, 

13.2 cm), purchased at fishmonger, fished in the English 
Channel; Chaetodontidae: Chelmon rostratus (Linnaeus, 
1758) (1) (SL: 11.2 cm), from a private aquarium. Carangi- 
morphes, Soleidae: Solea solea (Linnaeus, 1758) (5) (mean 
SL: 24.5 cm), purchased at fishmonger, fished in the Atlantic 
Ocean; Pleuronectidae: Microstomus kitt (Walbaum, 1792) 
(1) (SL: 24.1 cm), purchased at fishmonger, fished in the 
Atlantic Ocean, Pleuronectes platessa Linnaeus, 1758 (1) 
(SL: 30.5 cm), purchased at fishmonger, fished in the Eng¬ 
lish Channel; Scophthalmidae: Lepidorhombus whiffiagonis 
(Walbaum, 1792) (1) (SL: 27.4 cm),purchased at fishmonger, 
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fished in the Atlantic Ocean, Scophthalmus maximus (Lin¬ 
naeus, 1758) (4) (mean SL: 37.8 cm), purchased at fishmon¬ 
ger, fished in the Atlantic Ocean; Sphyraenidae: Sphyraena 
afra Peters, 1844 (1), isolated head (H: 21.3 cm), fished on 
the coasts of Gabon; Carangidae: Trachurus trachurus (Lin¬ 
naeus, 1758) (1) (SL: 33.8 cm), purchased at fishmonger, 
fished in the Atlantic Ocean; Sparidae: Sparus aurata Lin¬ 
naeus, 1758 (3) (mean SL: 18 cm), purchased at fishmon¬ 
ger, fished in the Atlantic Ocean, Spondyliosoma cantharus 
(Linnaeus, 1758) (4) (mean SL: 24 cm), purchased at fish¬ 
monger, fished in the Atlantic Ocean; Labridae: Labrus ber- 
gylta Ascanius, 1767 (2) (SL: 23.8 cm), one isolated head 
(H: 11.3 cm), purchased at fishmonger, fished in the Atlan¬ 
tic Ocean, Labrus mixtus Linnaeus, 1758 (1) (SL: 24.8 cm), 
fished in the Atlantic Ocean, Symphodus melops (Linnaeus, 
1758) (1) (SL: 10.6 cm), fished in the Atlantic Ocean, Cte- 
nolabrus rupestris (Linnaeus, 1758) (1) (SL: 11.4 cm), pur¬ 
chased at fishmonger, fished in the Atlantic Ocean; Acanthu- 
ridae: Acanthurus achilles Shaw, 1803 (1) (SL: 8.8 cm), from 
a private aquarium , Acanthurus lineatus (Linnaeus, 1758) 

(1) (SL: 16.4 cm), from a private aquarium; Pomacanthidae: 
Centropyge multispinis (Playfair, 1867) (1) (7.9 cm), Poma- 
canthus imperator (Bloch, 1787) (1) (SL: 12.6 cm), from a 
private aquarium; Percidae: Perea fluviatilis Linnaeus, 1758 

(2) (SL: 36.2 cm; 37.5 cm), purchased at fishmonger, Sander 
lucioperca (Linnaeus, 1758) (1) (SL: 59.6 cm), purchased 
at fishmonger; Caproidae: Capros aper (Linnaeus, 1758) 
(2) (SL: 9.4 cm; 10.5 cm), from the Aquarium Mare Nos¬ 
trum (Montpellier, France). Tetraodontiformes, Balistidae: 
Balistes capriscus Gmelin, 1789 (1) (SL: 30 cm), fished in 
the Atlantic Ocean, Melichthys vidua (Richardson, 1845) (1) 
(SL: 12.3 cm), from the Aquarium Mare Nostrum (Montpel¬ 
lier, France); Diodontidae: Diodon holacanthus Linnaeus, 
1758 (1) (SL: 23.2 cm), from the Aquarium Mare Nostrum 
(Montpellier, France), Diodon liturosus Shaw, 1804 (1) (SL: 

18.5 cm), from the Aquarium of Vannes (Vannes, France); 
Lagocephalidae: Lagocephalus lagocephalus (Linnaeus, 
1758) (1) (SL: 39.3 cm), fished in the Atlantic Ocean; Moli- 
dae: Mola mola (Linnaeus, 1758) (2) (TL: 124 and 142 cm), 
one fished in the English Channel, the other in the Atlantic 
Ocean; Ostraciidae: Ostracion cubicus Linnaeus, 1758 (1) 
(SL: 14.7 cm), from the Aquarium Mare Nostrum (Montpel¬ 
lier, France), Tetrosomus gibbosus (Linnaeus, 1758) (1) (SL: 
7.4 cm), from the Aquarium of Vannes (Vannes, France), 
Lactoria cornuta (Linnaeus, 1758) (1) (SL: 28.3 cm), from 
the Aquarium of Vannes (Vannes, France); Tetraodontidae: 
Arothron nigropunctatus (Bloch & Schneider, 1801) (1) (SL: 

25.6 cm), from the Aquarium Mare Nostrum (Montpellier, 
France), Canthigaster compressa (Marion de Proce, 1822) 
(1) (SL: 6.4 cm), from the Aquarium of Vannes (Vannes, 
France), Tetraodon mbu Boulenger, 1899 (1) (31.6 cm), 
from the Aquarium de la Porte Doree (Paris, France), Tetrao¬ 
don cutcutia Hamilton. 1822 (1) (SL: 6.6 cm), purchased 
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at Europrix (Lens, France), Tetraodon palembangensis 
Bleeker, 1852 (1) (SL: 8.8 cm), purchased alive at Europrix 
(Lens, France). Lophiiformes, Lophiidae: Lophiuspiscato- 
rius Linnaeus, 1758 (3) (SL: 27.6 cm; 28.5 cm; 57.3 cm), 1 
isolated head (H: 24.2 cm), purchased at the fish auction of 
Concarneau (Concarneau, France) and 1 preserved speci¬ 
men (A 5665) exhibited in the Galerie d’anatomie comparee 
(MNHN, Paris, France); Ogcocephalidae: Ogcocephalus 
vespertilio (Linnaeus, 1758) (1) (SL: 18.8 cm), from the 
Aquarium Mare Nostrum (Montpellier, France); Triglidae: 
Trigla lyra Linnaeus, 1758 (2) (SL: 24.5 cm), one isolated 
head (H: 10.4 cm), purchased at the fish auction of Concar¬ 
neau (Concarneau, France); Scorpaenidae: Sebastes norvegi- 
cus (Ascanius, 1772) (2) (SL: 35.1 cm; 44.9 cm), purchased 
at a fishmonger. 

Parasagittal mechanical sections were performed on fro¬ 
zen large fishes using an electric meat saw (La Bovida, BG) 
to observe the structure of the thyroid gland and the exten¬ 
sion of the spinal cord. For practical purposes, the various 
specimens after dissection could not be deposited in system¬ 
atic collections. Indeed, the state of the dissected specimens 
does not allow for suitable re-examination. We consider that 
the characters we describe have already been often men¬ 
tioned in the literature or can be further investigated through 
new dissections. 

The distribution of the examined anatomical characters 
was analysed according to the taxonomic content of clade 
“N” (Li et al., 2008), as this work is actually the sole one 
presenting the interrelationships of Tetraodontiformes and 
Lophiiformes with a large sample of taxa, from Scatophagi- 
dae to Cepolidae, Priacanthidae, Antigonia, Callanthiidae, 


Capros and Sparidae. As the distribution of the here studied 
characters is not really confronted to those of other data, in 
a data matrix for instance, this mapping of characters onto 
phylogenies may appear as illegitimate. But, there is three 
main reasons to apply that method: i) similarities in anato¬ 
my are often overlooked until there is some new evidence 
pointing out surprising sister-group relationships; ii) this 
approach is suitable for characters for which hypotheses of 
homology cannot be yet confidently proposed at the begin¬ 
ning of a study (Grandcolas et al., 2001); iii) it provides a 
strong indication of reliability and applies the principle of 
consilience defined as the convergence of evidence, or con¬ 
cordance of evidence (Whewell, 1840). This method has 
been successfully applied by many authors like Brooks and 
McLennan (1991), Block et al. (1993), Miya and Nishida 
(1996), O’Toole (2002), Chanet (2003), Suzuki et al. (2004) 
and discussed (Grandcolas et al., 2004, among many others). 
This approach leaves open the possibility to construct a mor¬ 
phological character matrix; and better, it can be seen as a 
first step to do it. 

RESULTS 

The present dissections and analyses of characters from 
the literature have revealed six soft anatomy characters as 
putative synapomorphies for the Lophiiformes and Tetrao¬ 
dontiformes, as follows: 

1) A reduced gill opening 

In teleostean fishes, each gill opening forms a dorsov- 


Figure 2. - The restricted gill opening 
(black arrow) in a few lophiiform and 
tetraodontiform species. A: Lophius 
piscatorius (Lophiiformes, Lophii¬ 
dae); B: Microlophichthys micro- 
lophus (Lophiiformes, Oneirodidae); 
C: Tetraodon sp., (Tetraodontiformes, 
Tetraodontidae); D: Mola mola (Tetrao¬ 
dontiformes, Molidae). All drawings 
from F. Dejouannet, excepted drawing 
B modified after Trewavas and Regan 
(1932). 
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entrally elongated and curved slit. In Lophiiformes (Piet- 
sch and Orr, 2007; Pietsch, 2009) and Tetraodontiformes 
(Tyler, 1980; Tyler and Sorbini, 1996), the gill openings are 
restricted to small, narrow and elongated tube-like orifices 
(Fig. 2). Similar small gill openings are present in Anguil- 
liformes, Syngnathoidei and Callionymidae (Nelson, 2006). 
But, regarding teleostean interrelationship hypotheses, this 
character can be considered as a convergence with, on the 
one hand, Anguilliformes, Syngnathoidei and Callionymidae 
and Lophiiformes and Tetraodontiformes, on the other hand, 
while it can be considered as a probable synapomorphy of 
these two clades within the restricted clade N (Li, 2008) 
(Fig. 1). Nevertheless, these gill slits differ by their position: 
they are situated dorsal to, posterior to or ventral to (rare¬ 
ly partly anterior to) the pectoral-fin base (Pietsch, 2009), 
while they are generally anterior to the pectoral fin base and 
extend ventrally no further than slightly below that base in 
Tetraodontiformes (Tyler, 1968; Tyler, 1980). Even if more 
work on the structure of the endoskeleton of the opercular 
region of these animals is needed, this similarity in the shape 
of the gill openings can be hypothesised to be a synapomor¬ 
phy of Lophiiformes and Tetraodontiformes. We note that 
the restricted gill opening of tetraodontiforms is present in 
both extant taxa and in fossils dating back to the Upper Cre¬ 
taceous origins of the order (Tyler and Sorbini, 1996). 

2) Rounded and anteriorly disposed kidneys 

In teleostean fishes, the kidneys are usually elongated 
and joined organs present between the haemal arches on 
the dorsal margin in the abdominal cavity (Owen, 1866; 
Cole and Johnstone, 1902; Audige, 1910). Perea (Audige, 
1910), Capros aper, Sparus aurata (Fig. 3) and Spondylio- 
soma (Fig. 9) have this type of kidneys. Some acanthomorph 
species have an asymmetric lobe extending ventrolaterally, 
as described in soleid species (Audige, 1910: 403, fig. 42; 



Figure 3. - Visceral anatomy of a sea bream, Sparus aurata, left 
lateral view, ep.m: epaxial musculature; k: kidney; 1: liver; sb: 
swimbladder. The arrow indicates the anterior part of the specimen. 
Scale = 10 mm. 
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Figure 4. - Visceral anatomy of an angler, Lophiuspiscatorius, ven¬ 
tral view. The digestive tract has been put away, ab.cav: abdomi¬ 
nal cavity; c.oe: cut oesophagus; k: kidneys; v: ventricle. The black 
arrow indicates the anterior part of the specimen. Scale = 10 mm. 

Chanet et al., 2005, 2007: 120, figs 3-4) and achirid spe¬ 
cies (Kobelkowsky, 2000: 55, fig. 2; Chanet et al., 2007). 
This type of renal architecture was interpreted as a probable 
synapomorphy of the flatfishes of the family Soleidae by 
Chanet et al. (2005). Among the examined species and in the 
literature only soleid species exhibited such an asymmetry in 
the organization of the kidneys. 

Dissections and RMI examinations (Chanet et al., 2012) 
show that Lophius piscatorius (Fig. 4), Batistes capriscus, 
Canthigaster compressa, Diodon liturosus, Melichthys 
vidua, Mola mola, Tetraodon cutcutia, Tetraodon mhu, 
Tetraodon palembangensis (Fig. 5) have two independent 
and rounded kidneys positioned far anteriorly on the dorsal 
surface of the abdominal cavity. This peculiar organisation of 
these organs was long ago described in Lophius piscatorius 
by Owen (1866) and Audige (1910). The kidneys of Lophius 
piscatorius are known to be aglomerular (Beyenbach, 2004); 
the absence of glomeruli does not seem to have a phyloge¬ 
netic value for the research of the interrelationships between 
the teleostean families, as it is widely spread among tele¬ 
ostean fishes (i.e. Saccopharyngidae, Syngnathidae, Belo- 
nidae, Gobiesocidae [Moore, 1933]). This absence does not 
occur in the kidney of related species such as Batistes vetula 
(Moore, 1933) or the genus Tetraodon (Kato et al., 2005). 
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Figure 5. - Visceral anatomy of a Buntal puffer, Tetraodon palem- 
bangensis, ventral view. The swimbladder and the digestive tract 
have been put away, ab.cav: abdominal cavity; c.oe: cut oesopha¬ 
gus; c.pc: cut pericardium; k: kidneys; v: ventricle. The black arrow 
indicates the anterior part of the specimen. Scale = 10 mm. 

3) A compact thyroid nested in a thyroidian sinus 

The structure of the thyroid gland was assessed in 135 
acanthomorph species on the basis of dissections and the lit¬ 
erature (Annex I). Among teleostean fishes, the organization 
of the thyroid gland is diverse: in most species the gland is 
diffuse, with scattered islets of follicles on the ventral mar¬ 
gin of the basibranchials (Gudernatsch, 1910). In some spe¬ 
cies, these islets can be compact or form distinct lobes more 
or less gathered around the ventral aorta (Annex I). In some 
other groups, such as Cyprinodontiformes, some ectopic 
islets can spread to other organs from choroid to cephalic 
kidney (Fournie et al., 2005) (Annex I). Among the exam¬ 
ined acanthomorph species (excluding Lophiiformes and 
Tetraodontiformes), Perea fluviatilis (Rolleston and Jack- 
son. 1888), Solea senegalensis Kaup, 1858, Labrus ber- 
gylta, Capros aper, Sparus aurata (Campinho et al., 2006) 
and Spondyliosoma cantharus (Fig. 6) have a diffuse thy¬ 
roid gland with separated islets in the aorta-branchial region 
with no visible ectopic islets in other organs (see table I for a 
survey of the structure of the thyroid gland among acantho¬ 
morph fishes). 

The structure of the thyroid gland of Lophius piscatorius 
was described in detail by Burne (1927). In this species, this 
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Figure 6. - Sagittal section of a frozen of a black seabream, Spond¬ 
yliosoma cantharus , left lateral view, b.cav: buccal cavity; e: 
encephalon; s.c: spinal cord; th.i: thyroidian islets; v: ventricle. 
The black arrow indicates the anterior part of the specimen. Scale = 
10 mm. 

organ is peculiar in being embedded in a blood lacuna, form¬ 
ing a thyroidian sinus, closely associated with lymphatic ves¬ 
sels (Fig. 7). It is different from the compact thyroid gland 
described in Xiphias and scarid species, where the gland 
results from a gathering of several thyroidian lobes (Addi¬ 
son and Richter, 1932; Honma, 1956a, 1956b, 1956c, 1957). 
A compact thyroid nested in a blood lacuna was described 
as well in two tetraodontiform species; Cathidermis rotun- 
datus (Balistidae) by Chiba et al. (1976) and Diodon hola- 
canthus (Diodontidae). In these species, the thyroid gland is 
described as a compact organ closely surrounded by capillar¬ 
ies. A similarly organized thyroid gland has been described 
in L. piscatorius (Lophiidae) by Burne (1927). New dis¬ 
sections confirmed such a thyroid gland in this species and 
show the presence of a compact and highly vascularised thy¬ 
roid in Ogcocephalus vespertilio (Ogcocephalidae), Batistes 
capriscus, Melichthys vidua (Balistidae), Ostracion cubicus, 
Tetrosomus gibbosus, Lactoria cornuta (Ostraciidae), Dio¬ 
don holacanthus, Diodon liturosus (Diodontidae), Arothron 
nigropunctatus, Canthigaster compressa , Lagocephalus 
lagocephalus, Tetraodon cutcutia, Tetraodon palemban- 
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Figure 7. - The thyroid gland of an angler, Lophius piscatorius, 
right lateral view, ly.v: lymphatic vessels; th.a: thyroidian artery; 
th.s: thyroidian sinus. The black arrow indicates the anterior part of 
the specimen. Scale = 3 mm. 



Figure 8. - Florizontal section in the thyroid gland of an ocean sun- 
fish, Mola mola, ventral view, c.b.v: cut blood vessels; th.t: thyroid¬ 
ian tissue. The black arrow indicates the anterior part of the speci¬ 
men. Scale = 30 mm. 

gensis (Tetraodontidae), Mola mola (Molidae) (Annex I). In 
the ocean sunfish (M. mola), the organization of the thyroid 
gland has been studied both by a RMI examination (Chanet 
et al., 2012) and by a dissection: the gland tissues form a 


mesh surrounding blood vessels (Fig. 8) identical to what 
has been described by Burne (1927: 14, fig. 3) in L. pisca¬ 
torius. The identification of these tissues as being thyroid in 
the ocean sunfish has been confirmed by histological exami¬ 
nation. 

4) An abbreviated spinal cord 

In teleosts, the spinal cord extends all along the verte¬ 
bral column in the medulla canal ventral to the neural arches 
(Serres, 1824; Owen, 1866; Kuhlenbeck, 1975). This archi¬ 
tecture of the myelencephalon has been observed in Capros, 
Perea, Sparus and Spondyliosoma (Fig. 9). 

In the ocean sunfish, Mola mola (Molidae), a reduced 
spinal cord was described numerous times (Serres, 1824; 
Vignal, 1881; Gregory and Raven, 1934; Kuhlenbeck, 1975: 
110, fig. 61; Chanet et al., 2012), it is a short tube-shaped 
organ which ends posteriorly in a cauda equina of fine 
nerves. Owen (1866: 272) described a similarly shortened 
spinal cord within the neural arch in Diodon, Tetraodon and 
Lophius. He emphasized this peculiarity among vertebrates. 
Serres (1824: 118) remarked the same thing in Lophius. 

In L. piscatorius, the spinal cord is abbreviated; it 
does not extend back to the fourth or fifth abdominal ver¬ 
tebra (Fig. 10) (Chanet et al., 2012). Therefore, this organ 
is prolonged by a fairly thin filum terminale (Kuhlenbeck, 
1975). An elongated spinal cord extending to the hypurals 
has been illustrated in the parasitic male of Haplophryne 
mollis (Lophiiformes, Linophrynidae) (Regan and Trewa- 
vas, 1932; Pietsch, 2009). But parasitic males retain larval 
and plesiomorphic characters and new examination of the 
specimens used by Regan and Trewavas (1932) is no longer 
possible as, unfortunately, the microscopical sections (speci¬ 
men ZMUC P921777) have been lost (pers. com., M.A. 
Krag, Natural History Museum of Denmark, Copenhagen). 
Uehara and Ueshima (1986) described and illustrated the 
same organization of the spinal cord in several tetraodon- 
tiform species: two puffers, Takifugu pardalis and Takifugu 
poecilonotus (Tetraodontidae), two filefishes, Navodon mod- 
estus [=Thamnaconus modestus (Gunther, 1877)] and Steph- 
anolepis cirrhifer (Monacanthidae), and one triggerfish, 
Canthidermis maculates (Balistidae) (Uehara and Ueshima, 
1986). In 2000, Uehara et al. described it too in Takifugu 
rubripes. Such an organization of the spinal cord could be 
viewed as a convergence linked to the mode of locomotion 
of these fishes, but the lophiiform and tetraodontiform spe¬ 
cies present a such wide range of swimming diversity from 
bottom-dwellers (anglerfishes, batfishes and frogfishes) to 
active swimmers, both pelagic (sunhshes) and benthic (puff¬ 
ers, filefishes, triggerfishes and boxfishes) that it negates that 
consideration. 

5) An asymmetric liver 

Owen (1866: 426) observed that “ in many Fishes the two 
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Figure 9. - Parasagittal section on a 
frozen specimen of a black seabream, 
Spondyliosoma cantharus, left lateral 
view, k: kidney; ov: ovary; sb: swim- 
bladder; s.c: spinal cord. The black 
arrow indicates the anterior part of the 
specimen. Scale = 20 mm. 



lobes are subequal”, but, on the same page, he mentioned 
that the liver of Lophius piscatorius has a strong asymmetry, 
with a far better developed left hepatic lobe. This organiza¬ 
tion has been recently observed by dissection (Fig. 11) and 
RMI examinations (Chanet et al., 2012) of an angler, by dis¬ 
section of Ogcocephalus verpestilio and by dissections of 
the following tetraodontiform species: Arothron nigropunc- 
tatus, Balistes capriscus Canthigaster compressa, Diodon 
liturosus, Lactoria cornuta, Lagocephalus lagocephalus, 
Mola mola and Tetraodon mbu, and an MRI examination 
of an ocean sunfish (Chanet et al., 2012). Pietsch (2009: 16, 
fig. 16) showed the visceral organisation of a lophiiform spe¬ 
cies: a female Dolopichthys allector (Oneirodidae), from 
drawings of A.M. Westergren in Garman (1899). The liver 
appears to be voluminous in this species, but the figures do 
not permit observation of any hepatic asymmetry. On the 
DFL, this asymmetry is clearly visible in the MRI images 
of several lophiiform species: Lophiodes caulinaris (Lophii- 
dae), Ogcocephalus darwini (Ogcocephalidae) and Chaeno- 
phryne draco (Oneirodidae). Unfortunately, it was not pos¬ 
sible to determine asymmetry with confidence on the MRI 
images of the tetraodontiform species present in the DFL. 


6) Clusters of supramedullary neurons in the rostral 
part of the spinal cord 

Supramedullary neurons are peculiar giant neurons 
which are located mediodorsally on the spinal cord in tele- 
ostean species (Mola et al., 2001; Mola and Cuoghi, 2004). 
The function of these neurons is uncertain (Cuoghi et al., 
2002); among several hypotheses, a role in the autonomic 
control of epidermal mucous glands has been proposed 
(Funakoshi et al., 1998). In Salmonidae, Syngnathidae, 
Cottidae, Labridae, Percidae and some Pleuronectiformes, 
these neurons are scattered along the spinal cord (Fig. 12A), 
and form a line of cells on the dorsal face of the spinal cord 
(Mola et al., 2001; Mola and Cuoghi, 2004). In Tetraodon¬ 
tiformes, Lophiiformes and Batrachoidiformes, these neu¬ 
rons are organized in a cluster present at the rostral extremity 
of the dorsal cord (Fig. 12B), between the medulla oblongata 
and spinal cord (Mola et al., 2001; Mola and Cuoghi, 2004; 
Cuoghi and Mola, 2007). These clustered cells are large, 
have very large nuclei, a large prominent nucleolus and 
small nucleoli (Mola and Cuoghi, 2004). The supramedul¬ 
lary neurons of Diodon and Lophius show a high DNA con¬ 
tent from 8C in the smaller neurons to a maximum of 5000C 
in the larger ones (Sassi et al., 1995; Benedetti et al., 1999; 
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Figure 10. - The central nervous system of an angler (SL = 
28.8 cm), Lophiuspiscatorius , dorsal view, cr.n.: cranial nerves; 
e.: encephalon; f.t.: filum terminale; op.n.: optic nerves; s.c.: spinal 
cord. The black arrow indicates the anterior part of the specimen. 
Scale = 50 mm. 



Figure 11.- The asymmetric liver of an angler, Lophius piscatorius , 
dorsal view, l.h.l.: left hepatic lobe; r.h.l.: right hepatic lobe. The 
black arrow indicates the anterior part of the specimen. Scale = 
50 mm. 


Mola et al., 2001; Mola and Cuoghi, 2004), a similar DNA 
content which is known only in the giant neurons of mol- 
lusks (Gillette, 1991; Mandrioli et al., 2010). These values 
are interpreted as the results of endoreplication (Mola et al., 
2001; Mola and Cuoghi, 2004). The supramedullary neu¬ 
rons of Solea ocellata (Soleidae, Pleuronectiformes) were 
described by Cuoghi and Mola (2007); they differ from the 
above described types in being neither singularly aligned 
nor authentically clusterized, but instead form small groups 
of two or three neurons. Supramedullary neurons organized 
in clusters have been identified in tetraodontiform species 
(Balistes capriscus (Balistidae); Diodon hystrix, Diodon 
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Figure 12. - Schematic distribution of the supramedulary neurons 
among teleostean fishes [modified from Mola and Cuoghi (2004)]. 
A: Type I present in Salmonidae, Syngnathidae, Cottidae, Labridae, 
Percidae and some Pleuronectiformes; B: Type II present in Lophii¬ 
formes, Tetraodontiformes and Batrachoidiformes. Legend: 1: 
spinal cord; 2: central canal; 3: supramedulary neurons. The black 
arrow indicates the anterior part of the spinal cord. 


holacanthus and Chilomycterus sp. (Diodontidae); Mola 
mola (Molidae); Sphaeroides maculates, Sphaeroides spen- 
gleri, Takifugu rubripes [Uehara et al., 2000) and Tetraodon 
fluviatilis (Tetraodontidae)] and lophiiform species [Histrio 
sp. and Pterophryne histrio (Antennariidae); Lophius pisca¬ 
torius (Lophiidae)] (Mola and Cuoghi, 2004). These kinds of 
neurons were also mentioned in a toadfish, Opsanus tau (Lin¬ 
naeus, 1766) (Batrachoididae) (Barry et al., 1986; Mola and 
Cuoghi, 2004), a member of the order Batrachoidiformes, 
previously considered as related to Lophiiformes (Pietsch, 
2009), but now nested in clade with the Synbranchiformes 
and the Indostomidae (Miya et al., 2005). Miya et al. (2010: 
5) indicate that “a sister-group relationship between the 
Lophiiformes and Batrachoidiformes was confidently reject¬ 
ed by the Bayesian analyses'". Nevertheless, more work is 
needed to confirm homologies or assess possible homopla- 
sies for the supramedullary neurons of Batrachoidiformes, 
Tetraodontiformes, and Lophiiformes. Barry et al. (1986) 
considered that the supramedullary neurons of Opsanus tau 
(Batrachoididae) are homologous to those of Chilomycterus 
sp. and Tetraodon sp. but that the supramedullary neurons of 
Opsanus tau differ from the supramedullary neurons of these 
two tetraodontiform species by their size and number. Barry 
et al. (1986) mentioned that the supramedullary neurons of 
Chilomycterus sp. and Tetraodon sp. are much larger and 
fewer in number. Thus, the homology of the supramedullary 
neurons of the Batrachoidiformes and those of the Lophii¬ 
formes and Tetraodontiformes can be questioned and needs 
to be further investigated. Nevertheless, the presence of clus¬ 
ters of large supramedullary neurons in the rostral part of the 
spinal cord can be hypothesised to be a probable synapomor- 
phy of Lophiiformes and Tetraodontiformes. 
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DISCUSSION 

The present study shows that: i) a reduced gill opening; 
ii) rounded and anteriorly disposed kidneys; iii) a compact 
thyroid nested in a thyroidian sinus; iv) an abbreviated spi¬ 
nal cord; v) an asymmetric liver; vi) clusters of supramedul- 
lary neurons in the rostral part of the spinal cord are probable 
derived states of characters for Lophiiformes and Tetraodon¬ 
tiformes. This work reports possible anatomical synapo- 
morphies of these groups, but, as the characters proposed 
by Nakae and Sazaki (2010), these hypotheses of primary 
homology have to be confirmed by a phylogenetic analysis 
using additional characters from a larger sample of species 
of both orders. However, for the present work, these putative 
synapomorphies could not be investigated in additional acan- 
thomorph species, such as more species of Lophiiformes and 
Batrachoidiformes, nor in specimens of the following fami¬ 
lies: Scatophagidae, Cepolidae, Priacanthidae and Callan- 
thiidae. The dissections assessing the organization of the six 
structures studied herein have to be conducted on fresh ani¬ 
mals; it has not been possible for us to do so on specimens of 
the abovementioned groups. Using the techniques of mod¬ 
ern imaging, such as CT-scan or MRI, could be a solution 
to both preserve specimens and investigate their internal 
anatomy (Chanet et al., 2009a; Chanet and Guintard, 2012; 
Chanet et al., 2012). But we doubt that it would be actual¬ 
ly possible to identify with MRI such minute structures as 
thyroid islets. Recently, we had the opportunity to conduct a 
CT-scan examination on an alcohol preserved Scatophagus 
tetracanthus (specimen MNHN 1999-0202, Scatophagidae). 
None of the six characters studied herein could be detected. 
Chanet et al. (2012) mentioned that a long cystic duct open¬ 
ing anteriorly close to the stomach was present in Lophius 
piscatorius and Mola mola. Further dissections on these spe¬ 
cies and on Batistes capriscus confirmed the presence of this 
character. But as it could not be observed in the other exam¬ 
ined fishes (Annex I), this character cannot be considered 
as a putative common character between Lophiiformes and 
Tetraodontiformes. 

Nevertheless, the present study shows the interest of cor¬ 
relating anatomical and molecular works. Several anatomi¬ 
cal structures of these taxa, like the abbreviated spinal cord 
or the supramedullary neurons organized in clusters, were 
viewed as peculiarities and autapomorphies of each group. 
For instance, the abbreviated spinal cord and shape of these 
fishes, which were regarded as having “ an enormous swim¬ 
ming head with a short trunk ” (Kuhlenbeck, 1975; Uehara 
and Ueshima, 1986). However, the present work shows for 
the first time that these formerly viewed peculiarities might 
be the result and the witness of common ancestry. Of course, 
these observations are preliminary and the next step will be 
to collect, dissect and examine more fresh specimens, espe¬ 
cially, but not only, lophiiform species. Then, these data will 
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be incorporated in a data matrix gathering more species and 
more anatomical characters to try to decipher and establish 
the characters uniting Lophiiformes and Tetraodontiformes 
in a restricted clade N with the Scatophagidae, Cepolidae, 
Priacanthidae and Callanthiidae. It should be borne in mind 
that the first clue assessing this putative relationship was the 
result of comparative analysis on mitochondrial sequences. 
Molecular studies limit and propose the species to be sam¬ 
pled for anatomical studies, just as they provided new data to 
indicate relationships, which were not previously suspected. 

Acknowledgments. - Our sincere gratitude is expressed to J. 
Naudeau (Aquarium de Vannes, France), C. Gargani (Aquarium 
Mare Nostrum, Montpellier, France). M. Baillet (Carquefou, 
France), C. Ozouf-Costa (CNRS-MNHN. Paris), S. Pascal (Aquar¬ 
ium de Tregastel, France), P. Romans (Aquarium du Biodiversa- 
rium, Observatoire Oceanologique de Banyuls-Laboratoire Arago, 
UPMC-UMS 2348, Banyuls-sur-Mer, France), D. Adriens (Uni¬ 
versity of Ghent, Ghent, Belgium), H. Schmidt-Posthaus (Univer¬ 
sity of Berne, Berne, Switzerland ), F. Giarratana (Polo Universi- 
tario dell’Annunziata, Messina, Italy). D.F. Putra (National Taiwan 
Ocean University, Keelung, Taiwan), K. Hoshino (Seikai National 
Fisheries Research Institute, Nagasaki, Japan), S. Calvez (ONIRIS, 
Nantes, France), T. Passos de Andrade (CEDECAM, Fortaleza, 
Brazil) and F. Ziemski (Hemisphere Sub / Biotope Oceans, Saint- 
Briac, France) for having provided fresh specimens and images; M. 
Herbin (FUNEVOL. MNHN. Paris, France), M.A. Krag (Natural 
History Museum of Denmark, Copenhagen, Denmark) for hav¬ 
ing provided information about collection specimens; Y. Cherel 
(UMR 703 INRA/ENVN, ONIRIS. Nantes, France) for histologi¬ 
cal examinations; J.F. Dejouannet (UMR 7138 CNRS and pole 
dessin UMS 2700 CNRS, MNHN, Paris, France) for illustrations, 
D. Davesne (MNHN. Paris), P. Bugnon, M. Comte, C. Coste, C. 
Picard (ONIRIS, Nantes, France) for technical help; M. Bridou and 
I. Nicholson (ONIRIS, Nantes, France) for their acute editing of the 
English first texts; M. Garcia Sanz (plate-forme AST-RX. MNHN. 
Paris, France) and C. Cauchie for invaluable technical help; J.-C. 
Desfontis (ONIRIS. Nantes, France) for support; F.J. Meunier 
(UMR CNRS 7208, MNHN, Paris, France) for help, advice and 
bibliographical investigations; K. Hoshino (Seikai National Fisher¬ 
ies Research Institute, Nagasaki, Japan); and T.W. Pietsch (Univer¬ 
sity of Washington, Seattle, USA) for advice and encouragements. 
We would like to thank J.C. Tyler (Smithsonian Institution, Wash¬ 
ington D.C., USA) for encouragements and for his improvements 
of a first version of the manuscript. Two anonymous reviewers are 
thanked for very useful comments. This work was supported by the 
Fondation TOTAL (project “Classification des poissons marins : les 
teleosteens acanthomorphes”). Any experiments conducted in this 
work comply with the current laws of the country, in which they 
were performed. 


REFERENCES 

ABBAS H„ AUTHMAN M.M., ZAKI M.S. & MOHAMED G.F., 
2012. - Effect of seasonal temperature changes on thyroid struc¬ 
ture and hormones secretion of white grouper ( Epinephelus 
aeneus) in Suez Gulf, Egypt. Life Sci. J., 9(2): 700-705. 

ABOL-MUNAFI A.B., EFFENDY A.M. & SOH M.A., 2005. - 
Effect of exogenous thyroxine on morphology and develop¬ 
ment of thyroid gland in marble goby Oxyeleotris marmoratus 
Bleeker larvae. J. Anim. Vet. Adv., 4(7): 624-629. 


188 


Cybium 2013,37(3) 


Chanetctal. 


ADDISON W.H.F. & RICHTER M.N., 1932. - A note on the thy¬ 
roid gland of the sword fish ( Xiphias gladius L.). Biol. Bull., 
43: 472-746. 

AL-HUSSAINI A.H. & RIZKALLA W., 1957. - The thyroid gland 
of the cichlid fish Tilapia nilotica. I. The thyroid gland. Ain 
Shams Sci. Bull. ,9: 85-106. 

APARICIO S., CHAPMAN J., STUPKA E. et al. [41 authors]. 
2002 - Whole-genome shotgun assembly and analysis of the 
genome of Fugu rubripes. Science, 297(5585): 1301-1310. 

AUDIGE J., 1910. - Contribution a l’etude des reins des poissons 
teleosteens. Arch. Zool. Exp. Gen., 5(4): 275-624. 

BAILEY R.J., 1933. - The ovarian cycle in the viviparous teleost 
Xiphophorus helleri. Biol. Bull., 64: 206-225. 

BAKER K.F., 1958. - Heterotopic thyroid tissues in fishes. I. The 
origin and development of heterotopic tissue in platyfish. J. 
Morphol., 103: 91-129. 

BAKER K.F., 1959. - Heterotopic thyroid tissue in fishes III. 
Extrapharyngeal thyroid tissue in Montezuma swordtails, a 
guppy and cherry barb. Zoology, 44: 133-140. 

BARRY M.A., WEISER M., BAKER R. & BENNETT M.V.L., 
1986. - Comparative organization of supramedullary neurons 
in toadfish, spiny boxfish, and puffer. Biol. Bull., 171: 490-491. 

BENEDETTI I., SASSI D„ MESCOLI G. & MANICARDI G.C., 
1999. - High values of DNA content in the hypotalamic neu¬ 
rons of Lophius piscatorius and Diodon holacanthus (Osteich- 
thyes). Caryologia, 52(3-4): 141-146. 

BERG L.S., 1940. - Classification of the fishes both recent and fos¬ 
sils (Edwards J.W., ed.). Tome 2,517 p. Ann Arbor, Michigan. 

BEYENBACH K.W., 2004. - Kidneys sans glomeruli. Am. J. Phys¬ 
iol. - Renal Physiol., 286: 811-827. 

BINGXU S„ CHANGXIE S„ WUNING W.Z. & TONGRUN C„ 
2010. - Structure and ultrastructure of thyroid gland of Macrura 
reevesii during anadromous migration. Oceanol. Limnol. Sin., 
1981-06. 

BLOCK B.A.. FINNERTY J.R., STEWART A.F.R. & KIDD J., 
1993. - Evolution of endothermy in fish: mapping physiologi¬ 
cal traits on a molecular phylogeny. Science, 260(5105): 210- 
214. 

BOULENGER G.A., 1904. - A synopsis of the suborders and fami¬ 
lies of teleostean fishes. Ann. Mag. Nat. Hist. (Ser. 7), 13(75): 
161-190. 

BRAR N.K., 2009. - Evidence of thyroid endocrine disruption in 
shiner perch ( Cymatogaster aggregata) residing in San Fran¬ 
cisco Bay. Master’s Thesis. California State Univ., Long 
Beach. 

BRAR N.K., WAGGONER C., REYES J.A., FAIREY R. & KEL¬ 
LEY K.M., 2010. - Evidence for thyroid endocrine disruption 
in wild fish in San Francisco Bay, California, USA. Relation¬ 
ships to contaminant exposures. Aquat. Toxicol., 96: 203-215. 

BROOKS D.R. & McLennan DA., 1991. - Phylogeny, ecology, 
and behavior: a research program in comparative biology. 
434 p. Chicago: Univ. of Chicago Press. 

BURNE R.H.. 1927. - A contribution to the anatomy of the ductless 
glands and lymphatic system of the Angler fish ( Lophius pisca¬ 
torius). Philos. Trans. R. Soc. Lond. B, 215: 8-28. 

CAMPINHO M.A., SWEENEY G.E. & POWER D.M., 2006. - 
Regulation of troponin T expression during muscle develop¬ 
ment in sea bream Sparus auratus Linnaeus: the potential role 
of thyroid hormones. J. Exp. Biol., 209: 4751-4767. 


Evidence for Tetraodontiformes and Lophiiformes relationships 


CHANET B., 2003. - Interrelationships of scophthalmid fishes 
(Pleuronectiformes: Scophthalmidae). Cybium, 27(4): 275- 
286. 

CHANET B. & GUINTARD C., 2012. - Proposition of a protocol 
for anatomical studies on collection specimens by Magnetic 
Resonance Imaging. C. R. Biol., 335(1): 77-79. 

CHANET B.. DESOUTTER M„ GUINTARD C., BETTI E. & 
GRONDIN G., 2005. - The anatomy of the kidney of the Solei- 
dae [Teleostei: Pleuronectiformes]: the importance of plastina- 
tion and interest for the phylogeny of flatfishes. Anat., Histol., 
Embryol.: J. Vet. Med. Ser. C, 34: 11. 

CHANET B.. DESOUTTER-MENIGER M. & GUINTARD C., 
2007. - Imagerie medicale et plastination au service de la com¬ 
prehension de la phylogenie des poissons plats (Pleuronectifor¬ 
mes). Cybium, 31(2): 107-113. 

CHANET B„ FUSELLIER M.. BAUDET J.. MADEC S. & GUIN¬ 
TARD C., 2009a. - No need to open the jar: A comparative 
study of Magnetic Resonance Imaging results on fresh and 
alcohol preserved common carps (Cyprinus carpio (L. 1758), 
Cyprinidae, Teleostei). C.R.Biol., 332(4): 413-419. 

CHANET B„ GUINTARD C., PICARD C.. BUGNON P„ TOU- 
ZALIN F. & BETTI E. 2009b. - Atlas anatomique d’ichtyolo- 
gie. Illustration de dissections de 21 especes. CD-Rom, version 
1.0. Paris: SFI (ed.). 

CHANET B„ GUINTARD C., BOISGARD T„ FUSELLIER M„ 
TAVERNIER C.. BETTI E.. MADEC S., RICHAUDEAU Y„ 
RAPHAEL C.. DETTAI A. & LECOINTRE G., 2012. - Vis¬ 
ceral anatomy of ocean sunfish (Mola mola (L., 1758), Moli- 
dae, Tetraodontiformes) and angler (Lophius piscatorius (L., 
1758), Lophiidae, Lophiiformes) investigated by non-invasive 
imaging techniques. C.R. Biol., 335(12): 744-752. 

CHIBA A. & HONMA Y., 1980. - Histological observation on the 
hypothalamo-hypohyseal system and the thyroid gland of the 
sailfish, Istiophorusplatypterus. Jpn. J. Ichthyol., 27(3): 207- 
214. 

CHIBAA. & HONMA Y., 1981. - Histological observations of 
some organs in the porcupine fish Diodon holacanthus, strand¬ 
ed on the coast of Niigata facing Japan sea. Jpn. J. Ichthyol., 
28(3): 287-294. 

CHIBAA., YOSHIE S. & HONMA Y„ 1976. - Histological obser¬ 
vations of some organs of the triggerfish Canthidermis rotun- 
datus, stranded on the coast of Niigata facing Japan Sea. Jpn. J. 
Ichthyol., 22(4): 212-220. 

CHIBA H„ AMANO M„ YAMADA H., FUJIMOTO Y„ OJIMA 
D., OKUZAWA K., YAMANOME T., YAMAMORI K. & 
IWATA M.. 2004. - Involvement of gonadotropin-releasing 
hormone in thyroxine release in three different forms of teleost 
fish: barfin flounder, masu salmon and goldfish. Fish Physiol. 
Biochem., 30: 267-273. 

CHIN B.S., NAKAGAWA M., TAGAWA M.. MASUDA R. & 
YAMASHITA Y., 2010. - Ontogenetic changes of habitat selec¬ 
tion and thyroid hormone levels in black rockfish (Sebastes 
schlegelii) reared in captivity. Ichthyol. Res., 57: 278-285. 

COLE F.J. & JOHNSTONE J., 1902. - Pleuronectes: The Plaice. 
Trans. Liverpool Mar. Biol. Soc., 8: 145-396. 

CUOGHI B. & MOLA L., 2007. - Morphological, cytochemical, 
and cytofluorimetric features of supramedullary neurons of the 
fish Solea ocellata. Biol. Bull. ,212: 1-5. 

CUOGHI B„ MARINI M. & MOLA L„ 2002. - Histochemical and 
immunocytochemical localization of nitric oxide synthase in 
the supramedullary neurons of the pufferfish Tetraodon fluvia- 
tilis. Brain Res., 938: 1-6. 


Cybium 2013,37(3) 


189 


Evidence for Tetraodontiformes and Lophiiformes relationships 


DETTAI A. & LECOINTRE G., 2004. - In search of nothothenioid 
(Teleostei) relatives. Antarct. Sci., 16(1): 71-85. 

DETTAI A. & LECOINTRE G., 2005. - Further support for the 
clades obtained by multiple molecular phylogenies in the acan- 
thomorph bush. C. R. Biol., 328: 674-689. 

DETTAI A. & LECOINTRE G., 2008. - New insights into the 
organization and evolution of vertebrate IRBP genes and utility 
of IRBP gene sequences for the phylogenetic study of the Acan- 
thomorpha (Actinopterygii: Teleostei). Mol. Phylogenet. Evol., 
48(1): 258-269. 

DUNAEVSKAYA E., 2010. - Histological investigations of organs 
and tissues development of Ballan wrasse larvae during 
ontogenesis. Thesis for the degree of Master of Science in 
Aquaculture, 54 p. Faculty of Biosciences and Aquaculture 
Bod0 Univ. College, Norway. 

EINARSDOTTIR I.E., SILVA N„ POWER D.M., SMARADOT- 
TIR H. & BJORNSSON B.T., 2006. - Thyroid and pituitary 
gland development from hatching through metamorphosis of a 
teleost flatfish, the Atlantic halibut. Anat. Embry o/., 211: 47-60. 

ESCHMEYER W.N. & FRICKE R., 2010. - Catalog of Fishes. 
World Wide Web electronic publication (Jun. 2012). Available 
research.calacademy.org/ichthyology/catalog/Hshcatmain.asp 

FALK-PETERSEN I.B. & HANSEN T.K., 2001. - Organ differen¬ 
tiation in newly hatched common wolffish. J. Fish Biol., 59: 
1465-1482. 

FOURNIE J.W., WOLFE M., WOLF J.C., COURTNEY L.A., 
JOHNSON R.D. & HAWKINS W.E., 2005. - Diagnostic crite¬ 
ria for proliferative thyroid lesions in bony fishes. Toxicol. 
Pathol., 33:540-551. 

FUNAKOSHI K„ KADOTAT„ ATOBE Y.. NAKANO M„ GORIS 
R.C. & KISHIDA R„ 1998. - Gastrin/CCK-ergic innervation of 
cutaneous mucous gland by the supramedullary cells of the 
puffer fish Takifugu niphobles. Neurosci. Lett., 258: 171-174. 

GARMAN S., 1899. - The fishes. Reports on an exploration off the 
west coast of Mexico, Central America, South America, and off 
the Galapagos Islands, in charge of Alexander Agassiz, by the 
U.S. Fish Commission steamer “Albatross,” during 1891, 
Lieut. Commander Z. L. Tanner, U.S.N. commanding. Pt. 26. 
Mem. Mus. Comp. Zool., 24: 1-421. 

GEVEN E.J.W, NGUYEN N.K., VAN DEN BOOGAART M„ 
SPANINGS F.A.T. & FLIK G„ 2007. - Comparative thyroidol- 
ogy: thyroid gland location and iodothyronine dynamics in 
Mozambique tilapia (Oreochromis mossambicus Peters) and 
common carp (Cyprinus carpio L.). J. Exp. Biol., 210: 4005- 
4015. 

GILL T.N., 1893. - Families and Subfamilies of Fishes. Mem. Nat. 
Acad. Sci.,N I: 127-138. 

GILLETTE R., 1991. - On the significance of neuronal giantism in 
gastropods. Biol. Bull., 180: 234-240. 

GISBERT E., PIEDRAHITA R.H. & CONKLIN D.E., 2004. - 
Ontogenetic development of the digestive system in California 
halibut (Paralichthys californicus) with notes on feeding prac¬ 
tices. Aquaculture, 232(1-4): 455-470. 

GRANDCOLAS P„ DELEPORTE P.. DESUTTER-GRANDCO- 
LAS L. & DAUGERON C.,2001. - Phylogenetics and ecology: 
as many characters as possible should be included in the cladis- 
tics analysis . Cladistics, 17: 104-110. 

GRANDCOLAS P., GUILBERT E„ ROBILLARD T„ D'HAESE 
C..MURIENNE J. & LEGENDRE F„ 2004. - Mapping charac¬ 
ters on a tree with or without the outgroups. Cladistics, 20: 579- 
582. 


Chanet etal. 


GRAU E.G., HELMS L.M.H., SHIMODA S.K., FORD C.A., LE 
GRAND J. & YAMAUCHI K„ 1986. - The thyroid gland of the 
Hawaiian parrot fish and its uses as an in vitro model system. 
Genet. Comp. Endocrinol., 61: 100-108. 

GREGORY W.K. & RAVEN H.C., 1934. - Notes on the anatomy 
and relationships of the Ocean Sunfish ( Mola mola). Copeia, 
(4): 145-151. 

GUDERNATSCH J.F., 1910. - The thyroid gland of the teleosts. J. 
Morphol., 21(4): 709-782. 

HACHERO-CRUZADO J.B., ORTIZ-DELGADO B.. BORREGA 
M„ HERRERA J.. NAVAS I. & SARASQUETE C., 2009. - 
Larval organogenesis of flatfish brill Scophthalmus rhombus 
L.: Histological and histochemical aspects. Aquaculture, 286: 
38-149. 

HAMADA K., 1975. - Excessively enlarger thyroid follicles of the 
three spine stickleback, Gasterosteus aculeatus aculeatus, 
reared in freshwater. Jpn. J. Ichthyol., 21(4): 183-190. 

HARADA Y., HARADA S., KINOSHIT I.. TANAKA M. & 
TAGAWA M., 2003. - Thyroid gland development in a neotenic 
goby (ice goby, Leucopsarion petersii) and a common goby 
(ukigori, Gymnogobius urotaenia ) during early life stages. 
Zool. Sci., 20: 883-888. 

HAVASI M„ EARFANI M.N.. SAVARI A., SALAMAT N. & 
SHARIFI M.. 2010. - Histomorphological and histometrical 
studies of thyroid gland in yellow seabream ( Acanthopagrus 
latus) of Persian Golf In warm season. J. Vet. Sci., 6(2(27)): 
41-48. 

HICKMAN C.P. Jr., 1959. - The osmoregulatory role of the thyroid 
gland in the starry flounder Platichthys stellatus. Can. J. Zool., 
37: 997-1060. 

HOLCROFT N.L. & WILEY E.O., 2008. - Acanthuroid relation¬ 
ships revisited: a new nuclear gene-based analysis that incorpo¬ 
rates tetraodontiform representatives. Ichthyol. Res., 55(3): 
274-283. 

HONMA Y., 1956a. - On the thyroid gland of the tuna, Thunnus 
thynnus (Linne). Bull. Jpn. Soc. Sci. Fish. ,21(9): 1011-1015. 

HONMA Y., 1956b. - On the thyroid gland of the sailfish, Histio- 
phorus orientalis (Temminck et Schlegel). Bull. Jpn. Soc. Sci. 
Fish, 21(9): 1016-1018. 

HONMA Y., 1956c. - On the thyroid gland of two species of Serio- 
la. Bull. Jpn. Soc. Sci. Fish, 21(9): 1019-1021. 

HONMA Y., 1957. - On the thyroid gland of some Japanese teleosts. 
Jpn. J. Ichthyol., 6: 113-120. 

HONMA Y. & YOSHIE S., 1974. - Histological observations on 
some of the endocrine glands in the remora, Echeneis naucrates 
L., caught off the coast of Sado Island in the Japan Sea. Arch. 
Histol. Jpn., 37(3): 261-273. 

HONMA Y„ SHIODA S. & YOSHIE S., 1977. - Changes in the 
thyroid gland associated with the diadromous migration of the 
threespine stickleback, Gasterosteus aculeatus. Jpn. J. Ichthy¬ 
ol. ,24(1): 17-25. 

HONMA Y„ USHIKI T„ TAKEDAM. & KUBOTA S., 2005. - His¬ 
tological studies on some organs of two male dealfishes, Tra- 
chipterus ishikawae, caught on the beach of Shirahama, 
Wakayama Prefecture, Pacific coast of Japan. Public. Seto Mar. 
Biol. Lab. ,40(3/4): 199-205. 

HUREAU J.C., 1963. - Etude preliminaire morphologique et ana- 
tomique de la glande thyroide de Trematomus bernacchii Bou- 
lenger, teleosteen benthique des cotes du continent antarctique. 
Bull. Soc. Zool. Fr„ 88(5-6): 547-556. 


190 


Cybium 2013, 37(3) 


Chanetctal. 


HUREAU J.C., 1970. - Biologie comparee de quelques poissons 
antarctiques (Nototheniidae). Bull. Musee Oceanogr. Monaco, 
68(1391): 1-244. 

JAILLON O., AURY M„ BRUNET F. et al. [34 authors], 2004. - 
Genome duplication in the teleost fish Tetraodon nigroviridis 
reveals the early vertebrate proto-karyotype. Nature, 431: 946- 
957. 

JOHNSON D. & PATTERSON C„ 1993. - Percomorph phytogeny: 
a survey of acanthomorphs and a new proposal. Bull. Mar. Sci., 
52(1): 554-626. 

JORDAN D.S., 1920. - The genera of fishes, part IV, from 1881 to 
1920, thirty-nine years, with the accepted type of each. A con¬ 
tribution to the stability of scientific nomenclature. Leland 
Stanford Jr. Univ. Public., Univ. Ser., 43: 411-576. 

JORDAN D.S., 1923. - A Classification of fishes, including Fami¬ 
lies and Genera as far as known. Stanford Univ. Public., Biol. 
Sci., 111(2): 79-243. 

JORDAN D.S. & EVERMANN B.W., 1900. - The fishes of North 
and Middle America: a descriptive catalogue of the species of 
fish-like vertebrates found in the waters of North America, 
north of the Isthmus of Panama. Part IV. Bull. U. S. Nat. Mus., 
47: 3137-3313. 

KANG D.Y. & CHANG Y.J., 2005. - Development of thyroid folli¬ 
cles and changes in thyroid hormones during the early develop¬ 
ment of Korean rockfish Sebastes schlegeli. J. World Aquacult. 
Soc., 36(2): 157-164. 

KATO A., DOI H„ NAKADAT., SAKAI H. & HIROSE S., 2005. 
- Takifugu obscurus is a euryhaline fugu species very close to 
Takifugu rubripes and suitable for studying osmoregulation. 

B. M.C. Physiol. ,5: 18. 

KLARENA P.H.M., WUNDERINKA Y.S., YUFERAC M., 
MANCERAB J.M. & FLIKA G„ 2008. - The thyroid gland and 
thyroid hormones in Senegalese sole ( Solea senegalensis) dur¬ 
ing early development and metamorphosis. Gen. Comp. Endo¬ 
crinol., 155(3): 686-694. 

KOBELKOWSKY D.A., 2000. - Sistema urogenital de los lengua- 
dos de la familia Achiridae (Pisces: Pleuronectiformes) del 
Golfo de Mexico. Hidrobiologica, 10(1): 51-60. 

KUHLENBECK H„ 1975. - The spinal cord. In: The Central Ner¬ 
vous System of Vertebrates. Vol. 4 (Kuhlenbeck H., ed.), 
pp. 150-161. Basel: S. Karger. 

LAUDER G. & LIEM K., 1983. - The evolution and interrelation¬ 
ships of the actinopterygian fishes. Bull. Mus. Comp. Zool., 
150(3): 95-197. 

LECOINTRE G., 1994. - Aspects historiques et heuristiques de 
Tichtyologie systematique. Cybium, 18(4): 339-430. 

LERAY C. & FEBVRE A., 1968. - Influence de Thypothermie sur 
la physiologie thyroidienne d’un poisson marin ( Mugil auratus 
R.) et d’un poisson d’eau douce ( Cyprinus carpio L.). Compa- 
raisons entre thyroide pharyngienne et thyroide heterotypique. 

C. R. Seances Soc. Biol., 162: 727-731. 

LEVESQUE H.M., DORVAL J., HONTELA A., VAN DER 
KRAAK GJ. & CAMPBELL P.G.C., 2003. - Hormonal, mor¬ 
phological, and physiological responses of yellow perch ( Perea 
flavescens) to chronic environmental metal exposures. J. Toxi¬ 
col. Environ. Health, part A, 66: 657-676. 

LI B., 2008. - Fiabilite des clades et congruence taxinomique : 
Application a la phytogenie des teleosteens acanthomorphes. 
Phil. These, 251 p. Museum national d’Histoire naturelle, Paris 
(France), http: //tel.archives-ouvertes.fr/docs/OO/33/18/25/PDF/ 
These_BL_171008.pdf. 


Evidence for Tetraodontiformes and Lophiiformes relationships 


LI B.. DETTAI A. & LECOINTRE G., 2008. - Surprizing findings 
in the teleostean large-scale interrelationships. Proc. of the 
XX th Intern. Congr. Zoology, 26-29 August 2008, Paris, France, 
http: //www.globalzoology.org/uploads/File/XXICZ_Abstracts. 
pdf. 

LI B„ DETTAI A., CRUAUD C., COULOUX A., DESOUTTER- 
MENIGER M. & LECOINTRE G., 2009. - RNF213, a new 
nuclear marker for acanthomorph phytogeny. Mol. Phylogenet. 
Evol., 50, 345 363. 

MABUCHI K„ MIYA M., AZUMA Y. & NISHIDA M„ 2007. - 
Independent evolution of the specialized pharyngeal jaw appa¬ 
ratus in cichlid and labrid fishes. B.M.C. Evol. Biol., 7(10): 
1-12. 

MANDRIOLI M„ MOLA L„ CUOGHI, B. & SONETTI D„ 2010. 
- Endoreplication: a molecular trick during animal neuron evo¬ 
lution. Quart. Rev. Biol., 85(2): 159-168. 

MARKOFSKY J. & MILSTOC M., 1979. - Histopathological 
observations of the kidney during aging of the male annual fish, 
Nothobranchius guentheri. Exp. Gerontol., 14: 149-155. 

MATISHOV G.G., ZENZEROV V.S., EMELINA A.V. & 
MURAVEIKO V.M.. 2009. - Changes in the motor activity and 
temperature resistance of shorthorn sculpin Myoxocephalus 
scorpius (L) from the Barents Sea. Dokl. Biol. Sci., 427: 349- 
351. 

MATSCHINER M„ HANEL R. & SALZBURGER W„ 2011. - On 
the origin and trigger of the Notothenioid adaptive radiation. 
PLoS One, 6(4): el8911. 

MATSUURA Y. & YONEDA N.T., 1987. - Osteological develop¬ 
ment of the lophiid anglerfish, Lophius gastrophysus. lchthyol. 
Res., 33(4): 360-367. 

MATTHEIJ J.A.M.. KINGMA FJ. & STROBAND H.W.J., 1971. - 
The identification of the thyrotropic cells in the adenohypophy¬ 
sis of the cichlid fish Cichlasoma biocellatum and the role of 
these cells and of the thyroid in osmoregulation. Cell Tissue 
Res., 121(1): 82-92. 

MATTHEWS S.A., 1948. - The thyroid gland of the Bermuda par¬ 
rot fish, Pseudoscarus guacamaia. Anat. Rec., 101(2): 251 - 
263. 

MATTHEWS S.A. & SMITH D.C., 1948. - Concentration of radio¬ 
active iodine by the thyroid gland of the parrot fish, Sparisoma 
sp. Am. J. Physiol., 153: 222-225. 

MEYNARD C.N.. MOUILLOT D„ MOUQUET N. & DOUZERY 
E.J.P., 2012. - A Phylogenetic Perspective on the Evolution of 
Mediterranean Teleost Fishes. PLoS One, 7(5): e36443. 

MIYA M. & NISHIDA M., 1996. - Molecular phylogenetic per¬ 
spective on the evolution of the deepsea fish genus Cyclothone 
(Stomiiformes: Gonostomatidae). lchthyol. Res., 43: 375-389. 

MIYA M„ TAKESHIMA H„ ENDO H. et al. [12 authors], 2003. - 
Major patterns of higher teleostean phytogenies: a new per¬ 
spective based on 100 complete mitochondrial DNA sequences. 
Mol. Phylogenet. Evol., 26: 121-138. 

MIYA M„ SATOH T. & NISHIDA M„ 2005. - The phylogenetic 
position of toadfishes (order Batrachoidiformes) in the higher 
ray-finned fish as inferred from partitioned Bayesian analysis 
of 102 whole mitochondrial genome sequences. Biol. J. Linn. 
Soc., 85: 289-306. 

MIYAM.. PIETSCH T.W., ORR J.W., ARNOLD R.J., SATOH T.P., 
SHEDLOCK A.M., HO H.C, SHIMAZAKI M„ YABE M. & 
NISHIDA M., 2010. - Evolutionary history of anglerfishes (Tel- 
eostei: Lophiiformes): a mitogenomic perspective. B.M.C. 
Evol. Biol., 10(58): 1-27. 


Cybium 2013,37(3) 


191 


Evidence for Tetraodontiformes and Lophiiformes relationships 


Chanet etal. 


MOLA L. & CUOGHI B., 2004. - The supramedullary neurons of 
fish: present status and goals for the future. Brain Res. Bull., 
64: 195-204. 

MOLAL., CUOGHI B.. MANDRIOLI M. & MARINI M.. 2001. - 
DNA endoreplication in the clustered supramedullary neurons 
of the pufferfish Diodon holacanthus L. (Osteichthyes). Histo- 
chem. J., 33: 59-63. 

MOORE R.A., 1933. - Morphology of the kidneys of Ohio fishes. 
Contrib. Stone Lab. Ohio Univ.,5: 1-34. 

MUKAIT. & OTTA Y., 1995. - Histological changes in the pituary, 
thyroid gland and gonads of the fourspinesculpin ( Cottus kaki- 
za) during downstream migration. Zool. Sci., 12: 91-97. 

NACARIO J.F., 1983. - The effect of thyroxine on the larvae and 
fry of Sarotherodon niloticus L. ( Tilapia nilotica). Aquaculture, 
34: 73-83. 

NAKAE N. & SASAKI K., 2010. - Lateral line system and its 
innervation in Tetraodontiformes with outgroup comparisons: 
descriptions and phylogenetic implications. J. Morphol., 271: 
559-579. 

NEAR T.J., EYTAN R.I.. DOMBURG A., KUHN K.L., MOORE 
J.A.. DAVIS M.P., WAINWRIGHT P.C., FRIEDMAN M. & 
SMITH W.L., 2012. - Resolution of ray-finned fish phylogeny 
and timing of diversification. Proc. Natl. Acad. Sci. USA, 109 
(34): 13698-13703. 

NELSON J., 2006. - Fishes of the World. 4 th edit., 601 p. New Jer¬ 
sey: John Wiley & Sons. 

ORTIZ-DELGADO J.B.. RUANE N.M., POUSAO-FERREIRA R, 
DINIS M.T. & SARASQUETE C., 2006. - Thyroid gland 
development in Senegales sole, Solea senegalensis (Kaup 
1858) during early life stages: a histochemical and immunohis- 
tochemical approach. Aquaculture, 260: 536-561. 

O’TOOLE B.. 2002. - Phylogeny of the species of the superfamily 
Echeneoidea (Perciformes: Carangoidei: Echeneidae, Rachyc- 
entridae, and Coryphaenidae), with an interpretation of the 
echeneid hitchhiking behaviour. Can.J. Zool., 80: 596-623. 

OWEN R., 1866. - The anatomy of vertebrates. Vol. 1,650 p., Lon¬ 
don: Longmans, Green & co. 

PANDEY A.K., GEORGE K.C. & PEER MOHAMED M.. 1995. - 
Effect of DDT on thyroid gland of the mullet Liza parsia (Ham- 
ilton-Buchanan). J. Mar. Biol. Ass. India, 37(1-2): 287-290. 

PIETSCH T.W., 1981. - The osteology and relationships of the 
anglerfish genus Tetrabrachium with comments on lophiiform 
classification. Fish. Bull., 79: 387-419. 

PIETSCH T.W., 1984. - Lophiiformes: development and relation¬ 
ships. In: Ontogeny and Systematics of Fishes (Moser H.G., 
Richard W.J., Cohen D.M.. Fahay M.P., Kendall A.W. & Rich¬ 
ardson S.L., eds). Am. Soc. Ichthyol. Herpetol., Spec. Publ. 1: 
320-325. 

PIETSCH T.W., 2009. - Oceanic anglerfishes: extraordinary diver¬ 
sity in the deep-sea. 557 p. Berkeley and Los Angeles: Univ. of 
California Press. 

PIETSCH T.W. & GROBECKERD,B., 1987. - Frogfishes of the 
World: Systematics, Zoogeography, and Behavioral Ecology. 
420 p. Stanford, California: Stanford Univ. Press. 

PIETSCH T.W. & ORR J.W., 2007. - Phylogenetic Relationships of 
Deep-sea Anglerfishes of the Suborder Ceratioidei (Teleostei: 
Lophiiformes) based on Morphology. Copeia, (1): 1-34. 

QURESHI T.A.. BELSARE D.K. & SULTAN R„ 1978. - Head- 
kidney thyroid in some Indian teleosts. Zeit. Mikr. Anat. For- 
sch.,92: 352-358. 


RAM R.N.. JOY P. & SATHYANESAN A.G., 1989. - Cythion- 
induced histophysiological changes in thyroid and thyrotrophs 
of the teleost fish, Channa punctatus (Bloch). Ecotoxicol. Envi¬ 
ron. Saf., 17(3): 272-278. 

RAMOS P. & DACONCEIQAO PELETEIRO M„ 2001. - Hiper- 
plasia da Tiroideem Serranus hepatus. Rev. Portug. Cienc. Vet., 
96(540): 207-212. 

REGAN C.T. & TREWAVAS E„ 1932. - Deep-sea anglerfish (Cer- 
atioidea). Dana Rept., 2: 1-113. 

ROLLESTON G. & JACKSON W.H., 1888. - Forms of animal life: 
a manual of comparative anatomy with descriptions of selected 
types. 833 p. Oxford: Clarendon Press. 

ROSEN D.. 1973. - Interrelationships of higher euteleostean fishes. 
In: Interrelationships of fishes (Greenwood P.R., Miles R. & 
Patterson C., eds). Zool. J. Linn. Soc., 53(1): 397-513. 

ROY P.. DATTA M„ DASGUPTA S. & BHATTACHARYA S., 
2000. - Gonadotropin-releasing hormone stimulates thyroid 
activity in a freshwater murrel, Channa gachua (ham.), and 
Carps, Catla catla (ham.) and Cirrhinus mrigala (ham.). Gen. 
Comp. Endocrinol., 117(3): 456-463. 

RUIJTER J.M.. PEUTE J. & LEVELS P.J., 1987. - The relation 
between pituitary gland and thyroid growth during the lifespan 
of the annual fish Cynolebias whitei and Nothobranchius 
korthausae: gonadotropic and thyrotropic cells. Cell Tissue 
Res., 248: 689-697. 

SALAMAT N„ HAVASI M.. MAJD N.E. & SAVARI A., 2012. - 
Seasonal changes of morphometric structure and plasma hor¬ 
mone levels of thyroid gland in Persian Gulf yellow fin sea- 
bream ( Acanthopagrus latus). World J. Fish Mar. Sci., 4(1): 
37-41. 

SANCHEZ-AMAYA M.I., ORTIZ-DELGADO J.B., GARCIA- 
LOPEZ A., CARDENAS S. & SARASQUETE C., 2007. - Lar¬ 
val ontogeny of red banded seabream Pagrus auriga Valenci¬ 
ennes, 1843 with special reference to the digestive system. A 
histological and histochemical approach. Aquaculture, 263(1- 
4): 259-279. 

SANTAMARIA C.A., MARIN DE MATEO M„ TRAVESET R„ 
SALA R„ GRAU A., PASTOR E„ SARASQUETE C. & CRE¬ 
SPO S., 2004. - Larval organogenesis in common dentex Den- 
tex dentexL. (Sparidae): histological and histochemical aspects. 
Aquaculture, 237: 207-228. 

SANTINI F.. HARMON L.J., CARNEVALE G. & ALFARO M.E., 
2009. - Did genome duplication drive the origin of teleosts? A 
comparative study of diversification in ray-finned fishes. 
B.M.C. Evol. Biol., 9(194): 1-15. 

SASSID.. MANICARDI G.C., MOLA L. & BENEDETTI I„ 1995. 
- Cytofluorimetric evidence for differential genome endorepli¬ 
cation in the cluster neurons of Lophiuspiscatorius L. (Osteich¬ 
thyes, Lophiiformes). Fur. J. Histochem., 39: 117-126. 

SCHNITZLER J.G., KOUTRAKIS E„ SIEBERT U„ THOME J.P. 
& DAS K., 2008. - Effects of persistent organic pollutants on 
the thyroid function of the European sea bass ( Dicentrarchus 
labrax) from the Aegean sea, is it an endocrine disruption? Mar. 
Pollut. Bull. ,56: 1755-1764. 

SERRES E.A., 1824. - Anatomie comparee du cerveau, dans les 
quatre classes des animaux vertebres. Tome II. 795 p. Paris, 
Gabon & Co. (ed.). 

SHUKLA L. & PANDEY A.K., 1986. - Restitution of thyroid activ¬ 
ity in the DDT exposed Sarotherodon mossambicus: a histo¬ 
logical and histochemical profile. Water Air Soil Pollut., 27: 
225-236. 


192 


Cybium 2013, 37(3) 


Chanetctal. 


SMITH W.L. & CRAIG M.T., 2007. - Casting the percomorph net 
widely: the importance of broad taxonomic sampling in the 
search for the placement of serranid and percid fishes. Copeia, 
(1): 35-55. 

SMITH W.L. & WHEELER W.C., 2006. - Venom evolution wide¬ 
spread in fishes: a phylogenetic road map for the bioprospect¬ 
ing of piscine venoms. J. Hered., 97(3): 206-217. 

SRIVASTAVA S.S. & SATHYANESAN A.G., 1967. - Presence of 
functional renal thyroid follicles in the Indian mud eel Amphip- 
nous cuchia (Ham.). Naturwissenschaften, 54: 146. 

STIASSNY M.. 1986. - The limits and relationships of the acan- 
thomorph teleosts. J. Zool., Ser. B, 1(2): 411-460. 

STIASSNY M. & MOORE J., 1992. - A review of the pelvic girdle 
of acanthomorph fishes, with comments on hypotheses of acan- 
thomorph intrarelationships. Zool. J. Linn. Soc., 104: 209-242. 

SUZUKI N„ NISHIDAM., YOSEDAK.,USTUNDAG C., SAHIN 
T. & AMAOKA K., 2004 - Phylogeographic relationships with¬ 
in turbot inferred by mitochondrial DNA haplotype variation. 
J. Fish Biol, 65:580-585. 

TAMURA E. & HONMA Y., 1970. - Histological changes in the 
organs and tissues of the gobiid fishes throughout the life-span 
- II. The hypophyseal target of organs of the ice-Goby, Leucop- 
sarionpetersi Hilgendorf. Jpn. J. Ichthyol., 17(1): 29-36. 

TANAKA M„ TANANGONAN J.B.. TAGAWA M„ DE JESUS 
E.G.. NISHIDA H.. ISAKA M„ KIMURA R. & HIRANO T„ 
1995. - Development of the pituitary, thyroid and interrenal 
glands and applications of endocrinology to the improved rear¬ 
ing of marine fish larvae. Aquaculture, 135: 111-126. 

TANG X., LIU X.C. & LIN H.R., 2010. - The development of thy¬ 
roid of orange-spotted grouper ( Epinephelus coioides ) larvae 
during metamorphosis. Acta Hydrobiol. Sin., 34(1): 210-214. 

TWELVES E.L., EVERSON I. & LEITH I.. 1975. - Thyroid struc¬ 
ture and function in two antarctic fishes. Brit. Antarc. Surv. 
Bull. ,40: 7-14. 

TYLER J.C., 1968. - A monograph on plectognath fishes of the 
superfamily Triacanthoidea. Monograph 16, 364 p. Academy 
of Natural Sciences of Philadelphia. 

TYLER J.C., 1980. - Osteology, phylogeny and higher classifica¬ 
tion of the fishes of the order Plectognathi (Tetraodontiformes). 
NOAA Tech. Rep. NMFS CIRC, 434: 1-422. 

TYLER J.C. & SORBINI L„ 1996. - New superfamily and three 
new families of tetraodontiform fishes from the Upper Creta¬ 
ceous: the earliest and most morphologically primitive plectog- 
naths. Smiths. Contrih. Paleobiol., 82:1-59. 


Evidence for Tetraodontiformes and Lophiiformes relationships 


UEHARA M. & UESHIMA T„ 1986. - Morphological studies of 
the spinal cord in tetraodontiformes fishes. J. Morphol., 190(3): 
325-333. 

UEHARA M„ TAGUCHI K.. IMAGAWA T. & H. KITAGAWA, 
2000 - Developmental study of the shortened spinal cord in the 
tiger puffer fish, Takifugu rubripes (Teleostei). J. Morphol., 
244: 15-22. 

VIGNAL W., 1881. - Note sur l’anatomie des centres nerveux du 
mole, Orthagoriscus mola. Arch. Zool. Exp. Gen., 9: 370-386. 

VIVIEN J.H., 1941. - Contribution a l’etude de la physiologie 
hypophysaire dans ses relations avec Tappareil genital, la thy- 
roi'de et les corps interrenaux chez les poissons Selaciens et 
Teleosteens Scyliorhinus canicula et Gobius paganellus. Bull. 
Sci. Fr. Belg., 75: 257-309. 

WAI-SUM O. & CHAN S.T.H., 1974. - A cytological study on the 
structure of the pituitary gland of Monopterus albus (Zuiew). 
Gen. Comp. Endocrinol., 24: 208-222. 

WENG Y.Z.. DAI Y.Y., FANG Y.Q. & HU X.X., 2003. - Immuno- 
histochemistry and ultrastructure of the thyroid gland of the 
grey mullet {Mugil cephalus). Acta Zool. Sin., 49(2): 230-237. 

WHEWELL W., 1840. - The philosophy of the inductive sciences: 
founded upon their history. 531 p. London: J. & J.J. Deighton. 

WOODHEAD A.D.. 1959. - Variations in the activity of the thyroid 
gland of the cod, Gadus callarias L., in relation to its migra¬ 
tions in the Barentz sea. I. the ’dummy of run’ of the immature 
fish. J. Mar. Biol. Ass. UK., 38: 417-422. 

YAMANOUE Y., MIYA M., MATSUURA K„ YAGISHITA N„ 
MABUCHI K„ SAKAI H„ KATOH M. & NISHIDAM., 2007. 
- Phylogenetic position of tetraodontiform fishes within the 
higher teleosts: Bayesian inferences based on 44 whole mito¬ 
chondrial genome sequences. Mol. Phylogenet. Evol., 45: 
89-101. 

YAGISHITA N., MIYA M., YAMANOUE Y., SHIRA S.M., 
NAKAYAMA K„ SUZUKI N„ SATOH T.P., MABUCHI K„ 
NISHIDA M. & NAKABO T., 2009. - Mitogenomic evaluation 
of the unique facial nerve pattern as a phylogenetic marker 
within the percifom fishes (Teleostei: Percomorpha). Mol. Phy¬ 
logenet. Evol., 53: 258-266. 

ZENZEROV V.C., 1986. - Comparative histology and cytology of 
thyroid gland. In: Ichthyofauna and environmental conditions 
in Barents Sea (Apatity, ed.), pp. 1-135. Murmansk. 

ZHANG J., ZUOAZ., HE A C., WUA D„ CHEN A Y. & WANG A 
C., 2009. - Inhibition of thyroidal status related to depression of 
testicular development in Sebastiscus marmoratus exposed to 
tributyltin. Aquat. Toxicol., 94: 62-67. 


Cybium2013, 37(3) 


193 


Evidence for Tetraodontiformes and Lophiiformes relationships 


Chanet etal. 


Annex I. - Structure of the thyroid gland among acanthomorph species. Systematics follow Nelson (2006), modified according to the pro¬ 
posals of Li et al. (2009). Paraphyletic groups are indicated in brackets. 


Order/suborder 

Family 

Genus/species 

Structure of the 
thyroid gland 

References 

Lampridiformes 

Trachipteridae 

Trachipterus ishikawae Jordan & 
Snyder, 1901 

diffuse 

Honma et al. (2005) 

Gadiformes 

Gadidae 

Gaidropsarus mediterraneus 
(Linnaeus, 1758) 

diffuse 

dissection 


Gadidae 

Gadus morhua Linnaeus, 1758 

diffuse 

Woodhead (1959) 


Gadidae 

Melanogrammus aeglefinus 
(Linnaeus, 1758) 

diffuse 

Zenzerov (1986) 


Gadidae 

Pollachiuspollachius (Linnaeus, 

1758) 


dissection 


Gadidae 

Trisopterus luscus (Linnaeus, 1758) 


dissection 

Zeiformes 

Zeidae 

Zeusfaber Linnaeus, 1758 

diffuse 

dissection 

Batrachoidiformes 

Batrachoididae 

Opsanus tau (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 

Gobioidei 

Gobiidae 

Gymnogobius urotaenia (Hilgendorf, 
1879) 

diffuse 

Harada et al. (2003) 


Gobiidae 

Gobiuspaganellus Linnaeus, 1758 

diffuse 

Vivien (1941) 


Gobiidae 

Leucopsarion petersii Hilgendorf, 

diffuse 

Tamura and Honma (1970), 



1880 


Harada et al. (2003) 

S y nbranchiforme s 

Synbranchidae 

Monopterus albus (Zuiew, 1793) 

diffuse 

Wai-Sum and Chan (1974) 


Synbranchidae 

Monopterus cuchia (Hamilton, 1822) 

diffuse 

Srivastava and Sathyanesan 
(1967) 

Channoides 

Channidae 

Channapunctata (Bloch, 1793) 

diffuse 

Ram etal. (1989) 


Channidae 

Channa gachua (Hamilton, 1822) 

diffuse 

Roy et al. (2000) 

(Percoidei) 

Trichiuridae 

Lepidopus caudatus (Euphrasen, 

1788) 

gathered lobes 

dissection 

Scombroidei 

Scombridae 

Auxis thazard thazard (Lacepede, 

1800) 

gathered lobes 

Honma (1957) 


Scombridae 

Scomber japonicus Houttuyn, 1782 

gathered lobes 

Honma (1957) 


Scombridae 

Thunnus albacares (Bonnaterre, 1788) 

gathered lobes 

Honma (1957) 


Scombridae 

Sarda sarda (Bloch, 1793) 

gathered lobes 

Gudematsch (1910) 


Scombridae 

Scomber scombrus Linnaeus, 1758 

gathered lobes 

dissection 


Scombridae 

Thunnus thynnus (Linnaeus, 1758) 

gathered lobes 

Honma (1956a) 

Syngnathoidei 

Syngnathidae 

Phyllopteryx taeniolatus (Lacepede, 

diffuse 

H. Schmidt-Posthaus (pers. 



1804) 


com.) 


Syngnathidae 

Syngnathus fuscus Storer, 1839 

diffuse 

Gudematsch (1910) 

Callionymoidei 

Callionymidae 

Callionymus lyra Linnaeus, 1758 

diffuse 

dissection 

Mulloidei 

Mullidae 

Mullus surmuletus Linnaeus, 1758 

diffuse 

dissection 

Cichloidei 

Cichlidae 

Rocio octofasciata (Regan, 1903) 

diffuse 

Mattheij et al. (1971) 


Cichlidae 

Oreochromis mossambicus (Peters, 

diffuse 

Shukla and Pandey (1986), 



1852) 


Geven et al. (2007) 


Cichlidae 

Oreochromis niloticus (Linnaeus, 

1758) 

diffuse 

Nacario (1983) 


Cichlidae 

Oreochromis spilurus (Gunther, 1894) 

diffuse 

Al-Hussaini and Rizkalla (1957) 

Mugiliformes 

Mugilidae 

Lizaparsia (Hamilton, 1822) 

diffuse 

Pandey et al. (1995) 


Mugilidae 

Liza aurata Risso, 1810 

diffuse 

Leray and Febvre (1968) 


Mugilidae 

Mugil cephalus Linnaeus, 1758 

diffuse 

Gudematsch (1910), Weng etal. 
(2003) 

(Percoidei) 

Pomacentridae 

Amphiprionfrenatus Brevoort, 1856 

diffuse 

D.F. Putra (pers. com.) 


Pomatomidae 

Pomatomus saltatrix (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 
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Order/suborder 

Family 

Genus/species 

Structure of the 
thyroid gland 

References 

(Percoidei) 

Eleotridae 

Oxyeleotris marmorata (Bleeker, 

1852) 

diffuse 

Abol-Munafi et al. (2005) 

Cyprinodontiformes 

Adrianichthyidae 

Oryzias latipes (Temminck & 

Schlegel, 1846) 

diffuse 

Foumie et al. (2005) 


Cyprinodontidae 

Cyprinodon variegatus Lacepede, 

1803 

diffuse with 
ectopic renal islets 

Foumie et al. (2005) 


Notobranchiidae 

Nothobranchius guentheri (Pfeffer, 
1893) 

diffuse with 
ectopic renal islets 

Markofsky and Milstoc (1979), 
Foumie et al. (2005) 


Poeciliidae 

Xiphophorus alvarezi Rosen, 1960 

diffuse 

Bailey (1933) 


Poeciliidae 

Xiphophorus maculatus (Gunther, 

1866) 

diffuse with 
ectopic renal islets 

Baker (1958) 


Poeciliidae 

Xiphophorus montezumae Jordan & 
Snyder, 1899 

diffuse with 
ectopic renal islets 

Baker (1959) 


Rivulidae 

Nematolebias whitei (Myers, 1942) 

diffuse 

Ruijter et al. (1987) 

Blennoidei 

Blenniidae 

Parablennius gattorugine (Linnaeus, 
1758) 

diffuse 

dissection 

(Percoidei) 

Embiotocidae 

Cymatogaster aggregata Gibbons, 

1854 

diffuse 

Brar (2009). Brar et al. (2010) 

Beloniformes 

Belonidae 

Belone belone (Linnaeus, 1761) 

diffuse 

dissection 

Atherinomorphe s 

Menidiinae 

Menidia betyllina (Cope, 1867) 

diffuse 

Foumie et al. (2005) 


Menidiinae 

Menidia menidia (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 

Caranginomorphes 

Sphyraenidae 

Sphyraena afra Peters, 1844 

gathered lobes 

dissection 


Xiphiidae 

Xiphias gladius Linnaeus, 1758 

gathered lobes 

Addison and Richter (1932) 


Istiophoridae 

Istiophorus platypterus (Shaw, 1792) 

gathered lobes 

Honma (1956b), Chiba and 
Honma (1980) 


Istiophoridae 

Kajikia audax (Philippi, 1887) 

gathered lobes 

Honma (1957) 


Polynemidae 

Polynemus sexfilis (Valenciennes, 

1831) 

diffuse 

Qureshi et al. (1978) 


Carangidae 

Echeneis naucrates Linnaeus, 1758 

compact 

Honma and Yoshie (1974) 


Carangidae 

Seriola lalandi Valenciennes, 1833 

gathered lobes 

Honma (1956c) 


Carangidae 

Seriola quinqueradiata Temminck & 
Schlegel, 1845 

gathered lobes 

Honma (1956c) 


Carangidae 

Trachurus trachurus (Linnaeus, 1758) 

gathered lobes 

dissection 


Rachycentridae 

Rachycentron canadum (Linnaeus, 
1766) 

gathered lobes 

T. Passos de Andrade (pers. 
com.) 


Coryphaenidae 

Cotyphaena sp. 

gathered lobes 

Honma (1957) 

Pleuronectiformes 

Soleidae 

Solea solea (Linnaeus, 1758) 

diffuse 

dissection 


Soleidae 

Solea senegalensis Kaup, 1858 

diffuse 

Klarena et al. (2008), Ortiz- 
Delgado et al. (2006) 


Pleuronectidae 

Hippoglossus hippoglossus (Linnaeus, 
1758) 

diffuse 

Einarsdottir et al. (2006) 


Pleuronectidae 

Pseudopleuronectes americanus 
(Walbaum, 1792) 

diffuse 

Gudematsch (1910) 


Pleuronectidae 

Microstomus kitt (Walbaum, 1792) 

diffuse 

dissection 


Pleuronectidae 

Pleuronectesplatessa Linnaeus, 1758 

diffuse 

Cole and Johnstone (1902), 
dissection 


Pleuronectidae 

Platichthys stellatus (Pallas, 1787) 

diffuse 

Hickman (1959) 


Pleuronectidae 

Verasper moseri Jordan & Gilbert, 

1898 

diffuse 

Chiba et al. (2004) 


Paralichthyidae 

Paralichthys californicus (Ayres, 

1859) 

diffuse 

Gisbert et al. (2004) 
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Order/suborder 

Family 

Genus/species 

Structure of the 
thyroid gland 

References 


Paralichthyidae 

Paralichthys olivaceus (Temminck & 
Schlegel, 1846) 

diffuse 

Tanaka et al. (1995) 


Scophthalmidae 

Lepidorhombus whiffiagonis 
(Walbaum, 1792) 

diffuse 

dissection 


Scophthalmidae 

Scophthalmus maximus (Linnaeus, 
1758) 

diffuse 

Chanet et al. (2009b), dissection 


Scophthalmidae 

Scophthalmus rhombus (Linnaeus, 
1758) 

diffuse 

Hachero-Cruzado et al. (2009) 

(Percoidei) 

Sciaenidae 

Cynoscion regalis (Bloch & 

Schneider, 1801) 

diffuse 

Gudematsch (1910) 


Sciaenidae 

Micropogon undulates (Linnaeus, 

1766) 

diffuse 

Gudematsch (1910) 

(Percoidei) 

Chaetodontidae 

Chelmon rostratus (Linnaeus, 1758) 

diffuse 

dissection 

Labroidei 

Labridae 

Labrus bergylta Ascanius, 1767 

diffuse 

Dunaevskaya (2010), dissection 


Labridae 

Labrus mixtus Linnaeus, 1758 

diffuse 

dissection 


Labridae 

Ctenolabrus rupestris (Linnaeus, 

1758) 

diffuse 

dissection 


Labridae 

Semicossyphus reticulatus 
(Valenciennes, 1839) 

gathered lobes 

Honma (1957) 


Labridae 

Symphodus melops (Linnaeus, 1758) 

diffuse 

dissection 


Labridae 

Tautoga onitis (Linnaeus, 1758) 

diffuse 

Gudematsch (1910) 


Labridae 

Tautogolabrus adspersus (Walbaum, 
1792) 

diffuse 

Gudematsch (1910) 


Scaridae 

Scarus guacamaia Cuvier, 1829 

gathered lobes 

Matthews (1948) 


Scaridae 

Scarus dubius Bennett, 1828 

gathered lobes 

Honma (1957), Grau et al. 

(1986) 


Scaridae 

Sparisoma sp. 

gathered lobes 

Matthews and Smith (1948) 

(Percoidei) 

Moronidae 

Dicentrarchus labrax (Linnaeus, 

1758) 

diffuse 

Schnitzler et al. (2008), 
dissection 


Moronidae 

Morone americana (Grnelin, 1789) 

diffuse 

Gudematsch (1910) 

Gasterosteiformes 

Gasterosteidae 

Gasterosteus aculeatus Linnaeus, 

1758 

diffuse 

Hamada (1975), Honma et al. 
(1977) 

Zoarcoidei 

Anarhichadidae 

Anarhichas lupus Linnaeus, 1758 

diffuse 

Falk-Petersen and Hansen 
(2001) 


Pholidae 

Pholis gunnellus (Linnaeus, 1758) 

diffuse 

Gudematsch (1910) 

Serraniformes 

Cottidae 

Cottus kazika Jordan & Starks, 1904 

diffuse 

Mukai and Otta (1995) 


Cottidae 

Leptocottus armatus Girard, 1854 

diffuse 

Brar (2009). Brar et al. (2010) 


Cottidae 

Myoxocephalus scorpius (Linnaeus, 
1758) 

diffuse 

Matishov et al. (2009) 


Cottidae 

Scorpaenichthys sp. 

diffuse 

Burne (1927) 


Cottidae 

Trachidermusfasciatus Heckel, 1837 

diffuse 

Bingxu et al. (2010) 


Cyclopteridae 

Aptocyclus ventricosus (Pallas, 1769) 

compact 

Honma (1957) 


Triglidae 

Trigla lyra Linnaeus, 1758 

diffuse 

dissection 


Scorpaenidae 

Sebastes norvegicus (Ascanius, 1772) 

diffuse 

dissection 


Scorpaenidae 

Sebastiscus marmoratus (Cuvier, 

1829) 

diffuse 

Zhang et al. (2009) 


Scorpaenidae 

Sebastes schlegelii Hilgendorf, 1880 

diffuse 

Kang and Chang (2005), Chin et 
al. (2010) 


Serranidae 

Epinephelus aeneus (Geoffrey Saint- 
Hilaire, 1817) 

diffuse 

Abbas et al. (2012) 
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Order/suborder 

Family 

Genus/species 

Structure of the 
thyroid gland 

References 


Serranidae 

Epinephelus coioides (Hamilton, 

1822) 

diffuse 

Tang et al. (2010) 


Serranidae 

Paralabrax clathratus (Girard, 1854) 

diffuse 

Foumie et al. (2005) 


Serranidae 

Serranus hepatus (Linnaeus, 1758) 

diffuse 

Ramos and Da Conceifao 
Peleteiro (2001) 


Percidae 

Perea flavescens (Mitchill, 1814) 

diffuse 

Levesque et al. (2003) 


Percidae 

Pereafluviatilis Linnaeus, 1758 

diffuse 

Rolleston and Jackson (1888), 
dissection 


Percidae 

Sander lucioperca (Linnaeus, 1758) 

diffuse 

dissection 

Notothenioi'des 

Channichthyidae 

Chaenocephalus aceratus (Lonnberg, 
1906) 

diffuse 

Twelves et al. (1975) 


Nototheniidae 

Notothenia neglecta Nybelin, 1951 

diffuse 

Twelves et al. (1975) 


Nototheniidae 

Trematomus bernacchii Boulenger, 
1902 

diffuse 

Hureau (1963,1970) 


Nototheniidae 

Trematomus hansoni Boulenger, 1902 

diffuse 

Hureau (1963, 1970) 

(Percoidei) 

Oplegnathidae 

Oplegnathus fasciatus (Temminck & 
Schlegel, 1844) 

gathered lobes 

Honma (1957) 


Pomacanthidae 

Pomacanthus imperator (Bloch, 1787) 

diffuse 

dissection 


Pomacanthidae 

Centropyge multispinis (Playfair, 

1867) 

diffuse 

dissection 

Acanthuroidei 

Acanthuridae 

Acanthurus achilles Shaw, 1803 

diffuse 

dissection 


Acanthuridae 

Acanthurus lineatus (Linnaeus, 1758) 

diffuse 

dissection 

Sparoidei 

Sparidae 

Acanthopagrus latus (Houttuyn, 1782) 

diffuse 

Havasi et al. (2010), Salamat et 
al. (2012) 


Sparidae 

Dentex dentex (Linnaeus, 1758) 

diffuse 

Santamaria et al. (2004) 


Sparidae 

Pagrus auriga Valenciennes, 1843 

diffuse 

Sanchez-Amaya et al. (2007) 


Sparidae 

Spams aurata Linnaeus, 1758 

diffuse 

Campinho et al. (2006), 
dissection 


Sparidae 

Spondyliosoma cantharus (Linnaeus, 
1758) 

diffuse 

dissection 


Sparidae 

Stenotomus chtysops (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 

Caproidei 

Caproidae 

Capros aper (Linnaeus, 1758) 

diffuse 

dissection 

Lophiiformes 

Lophiidae 

Lophiuspiscatorius Linnaeus, 1758 

compact in a blood 
sinus 

Burne (1927), dissection 


Ogcocephalidae 

Ogcocephalus vespertilio (Linnaeus, 
1758) 

compact in a blood 
sinus 

dissection 

Tetraodontiformes 

Balistiidae 

Balistes capriscus Gmelin, 1789 

compact in a blood 
sinus 

dissection 


Balistiidae 

Canthidermis rotundatus Marion de 
Proce, 1822 

compact in a blood 
sinus 

Chiba et al. (1976) 


Balistiidae 

Melichthys vidua (Richardson, 1845) 

compact in a blood 
sinus 

dissection 


Diodontidae 

Diodon holacanthus Linnaeus, 1758 

compact in a blood 
sinus 

Chiba and Honma (1981), 
dissection 


Diodontidae 

Diodon liturosus Shaw, 1804 

compact in a blood 
sinus 

dissection 


Molidae 

Mola mola (Linnaeus, 1758) 

compact in a blood 
sinus 

dissection 


Ostraciidae 

Ostracion cubicus Linnaeus, 1758 

compact in a blood 
sinus 

dissection 


Cybium 2013,37(3) 


197 















Evidence for Tetraodontiformes and Lophiiformes relationships 


Chanet etal. 


Order/suborder 

Family 
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thyroid gland 

References 


Ostraciidae 

Tetrosomus gibbosus (Linnaeus, 1758) 

compact in a blood 
sinus 

dissection 


Ostraciidae 

Lactoria comutal (Linnaeus, 1758) 

compact in a blood 
sinus 

dissection 


Tetraodontidae 

Arothron nigropunctatus (Bloch & 
Schneider, 1801) 

compact in a blood 
sinus 

dissection 


Tetraodontidae 

Canthigaster compressa (Marion de 
Proce, 1822) 

compact in a blood 
sinus 

dissection 


Tetraodontidae 

Lagocephalus lagocephalus 
(Linnaeus, 1758) 

compact in a blood 
sinus 

dissection 


Tetraodontidae 

Tetraodon cutcutia Hamilton, 1822 

compact in a blood 
sinus 

dissection 


Tetraodontidae 

Tetraodon palembangensis Bleeker, 
1852 

compact in a blood 
sinus 

dissection 
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